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(54) Process for preparing solid titanium catalyst component, olefin polymerization catalyst, and 
olefin polymerization process 



(57) Disclosed is a process for preparing a solid tita- 
nium catalyst component, comprising the steps of (I) 
contacting a liquid magnesium compound with a liquid 
titanium compound to precipitate a solid in the contact 
liquid (p), and adding an electron donor (d-i) selected 
from the group consisting of a polycarboxylic ester and 
a polyether compound to the contact liquid (p) during 
the time from beginning to end of the solid precipitation, 
to form a solid product (a); and (II) contacting the solid 
product (a) obtained after completion of the solid pre- 
cipitation with an electron donor (d-ii) selected from the 
group consisting of a polycarboxylic ester and a poly- 
ether compound, to prepare a solid titanium catalyst 
component. According to the process, an olefin polymer 
of high stereoregularity can be prepared by using this 
catalyst in a polymerization process. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a process for preparing such a solid titanium catalyst component as is capable 
of polymerizing an olefin with high activity and capable of preparing an olefin polymer of high stereoregularrty, and also 
relates to an olefin polymerization catalyst containing the solid titanium catalyst component and to an olefin polymeri- 
zation process. 

W BACKGROUND OF THE INVENTION 

[0002] Catalysts formed from titanium catalyst components and organoaluminum compounds have been hitherto 
widely used as those for preparing polyolef ins, and the catalysts using supported solid titanium catalyst components as 
the titanium catalyst components are known to exhibit high polymerization activity. 
75 [0003] It is Known that a catalyst comprising a solid titanium catalyst component containing titanium, magnesium, hal- 
ogen and an electron donor (inside donor) and an organoaluminum compound exhibits particularly high polymerization 
activity and that a polyolef in of high stereoregularrty can be prepared when an a-olefin of 3 or more carbon atoms is 
polymerized in the presence of the catalyst. 

[0004] It is also known that a solid titanium catalyst component particularly containing a polycarboxylic ester or a com- 
20 pound having two or more ether linkages present through plural atoms (polyether compound), which is selected from 
among various compounds proposed as the electron donors (inside donors), exhibits high activity. 
[0005] The present applicant has proposed so far many solid titanium catalyst components comprising titanium, mag- 
nesium, halogen and a polycarboxylic ester or a polyether compound as the electron donor. 

[0006] Specifically, the present applicant has proposed that a solid titanium catalyst component of particularly high 
25 activity can be obtained by contacting a liquid magnesium compound with a liquid titanium compound and a polycar- 
boxylic ester or a polyether compound. 

[0007] For example, Japanese Patent Laid-Open Publication No, 34813/1996 describes, in the example, a process 
for preparing a solid titanium catalyst component comprising contacting a liquid magnesium compound with a liquid tita- 
nium compound and a polycarboxylic ester as the electron donor, wherein the liquid magnesium compound is con- 
30 tacted with the liquid titanium compound to precipitate a solid titanium catalyst component and the solid titanium 
catalyst component is then contacted with the polycarboxylic ester. 

[0008] The present inventors have further studied the solid titanium catalyst components and the olefin polymerization 
catalysts, and as a result they have found that a solid titanium catalyst component capable of preparing a polyolefin of 
higher stereoregularrty with higher activity can be obtained by a process comprising contacting a liquid magnesium 
35 compound with a liquid titanium compound and a polycarboxylic ester and/or a polyether compound as the electron 
donor, wherein the electron donor is added during the time from the beginning of solid precipitation caused by the con- 
tact of the liquid magnesium compound with the liquid titanium compound to the end of the solid precipitation, and the 
resulting solid product is then contacted with the electron donor again. Based on the above finding, the present inven- 
tion has been accomplished. 

40 

OBJECT OF THE INVENTION 

[0009] It is an object of the present invention to provide a process for preparing such a solid titanium catalyst compo- 
nent as is capable of polymerizing an olefin with high activity and capable of preparing an olefin polymer of high stere- 
45 oregularity, and to provide an olefin polymerization catalyst containing the solid titanium catalyst component and an 
olefin polymerization process. 

SUMMARY QF THE INVENTION 

so [001 0] The process for preparing a solid titanium catalyst component according to the invention is a process compris- 
ing the steps of: 

(I) contacting a liquid magnesium compound with a liquid titanium compound to precipitate a solid in the contact 
liquid (0), and adding an electron donor (d-i), which is selected from the group essentially consisting of a poiycar- 
55 boxy lie ester and a compound having two or more ether linkages present through plural atoms, to the contact liquid 
(P) during the time from beginning to end of the solid precipitation, to form a solid product (a) comprising titanium, 
magnesium, halogen and the electron donor (d-i); 
and then 
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(II) contacting the solid product (a) obtained after completion of the solid precipitation with an electron donor (d-ii) 
selected from the group consisting of a polycarboxylic est r and a compound having two or more ether linkages 
present through plural atoms, to prepare a solid titanium catalyst component comprising titanium, magnesium, hah 
ogen, the electron donor (d-i) and the electron donor (d-ii). 

5 

[001 1 ] The contact liquid (J3) generally contains, before addition of the electron donor (d-i) thereto, an electron donor 
(d-iii) selected from the group consisting of a monocarboxylic ester, an aliphatic carboxylic acid, an acid anhydride, a 
ketone, a monoether, an aliphatic carbonate, an alkoxy group-containing alcohol, an aryloxy group-containing alcohol, 
an organosilicon compound having Si-O-C bond and an organophosphorus compound having P-O-C bond. 
w [0012] The polycarboxylic ester as the electron donor (d-i) or the electron donor (d-ii) is preferably a phthalic diester 
represented by the following formula: 



6n COOR 

^vX^ COOR 



20 wherein R is a branched hydrocarbon group of 3 to 12 carbon atoms, and two of R may be the same or different. 

[001 3] When each of the electron donor (d-i) and the electron donor (d-ii) is a polycarboxylic ester, it is preferable that 
the electron donor (d-i) used in the step (I) is dihepty) phthalate and the electron donor (d-ii) used in the step (II) is 
diisobutyl phthalate. 

[0014] The compound having two or more ether linkages present through plural atoms is preferably represented by 
25 the following formula: 

R 22 R n+1 ... R 2 " R 24 
30 R 21 -C-O-C- ... -C-O-C- R 26 

R 23 R 1 ... R n R 25 



35 wherein n is an integer of 2 <, n <, 1 0, R 1 to R 26 are each a substrtuent having at least one element selected from carbon, 
hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon; groups optionally selected from R 1 to R 26 , 
preferably from R 1 to R 2n , may form in cooperation a ring other than a benzene ring; and the main chain may contain 
an atom other than carbon. 

[001 5] In the present invention, the molar ratio of the electron donor (d-i) used in the step (I) to the electron donor (d- 
40 ii) used in the step (II) is preferably in the range of 10/90 to 90/10. 

[0016] The olefin polymerization catalyst according to the invention comprises: 

(A) a solid titanium catalyst component prepared by the above process. 

(B) an organoaluminum compound, 
45 and optionally 

(C) an electron donor. 

[001 7] The olefin polymerization process according to the invention comprises polymerizing or copolymerizing an ole- 
fin in the presence of the above-mentioned olefin polymerization catalyst. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 shows steps of the process for preparing a solid titanium catalyst component according to the invention 
and shows steps of a process for preparing an olefin polymerization catalyst. 

55 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] The process for preparing a solid titanium catalyst component according to the invention, the olefin polymeri- 
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zation catalyst containing a solid titanium catalyst component obtained by the process and the olefin polymerization 
process are described in detail hereinafter. 

[0020] Tne meaning of the term "polymerization" used herein is not limited to "homopolymerization" but may compre- 
hend "copolymerization". Also, the meaning of the term "polymer" used herein is not limited to "homopolymer" but may 
5 comprehend "copolymer". 

Preparation of solid t itanium catalyst component (A) 

[0021] Fig. 1 shows steps of the process for preparing a solid titanium catalyst component according to the invention 
io and shows steps of a process for preparing an olefin polymerization catalyst. 
[0022] The process of the invention comprises the steps of: 

(I) contacting a liquid magnesium compound with a liquid titanium compound to precipitate a solid in the contact 
liquid (p), and adding an electron donor (d-i), which is selected from the group essentially consisting of a polycar- 

75 boxylic ester and a compound having two or more ether linkages present through plural atoms, to the contact liquid 
(P) during the time from beginning to end of the solid precipitation, to form a solid product (a) comprising titanium, 
magnesium, halogen and the electron donor (d-i); 
and then 

(II) contacting the solid product (a) obtained after completion of the solid precipitation with an electron donor (d-ii) 
20 selected from the group consisting of a polycarboxylic ester and a compound having two or more ether linkages 

present through plural atoms, to prepare a solid titanium catalyst component comprising titanium, magnesium, hal- 
ogen, the electron donor (d-i) and the electron donor (d-ii). 

[0023] First, the components used for forming the solid titanium catalyst component are described. 

25 

Liquid magnesium compound 

[0024] The magnesium compound for use in the invention includes a magnesium compound having reduction ability 
and a magnesium compound having no reduction ability. 
30 [0025] The magnesium compound having reduction ability is, for example, a magnesium compound represented by 
the following formula: 

MgX 1 nR 1 2 . n 

35 wherein n is a number of 0 <, n < 2, R 1 is hydrogen, an alkyl group of 1 to 20 carbon atoms, an aryl group or a cycloalkyl 
group, when n is 0, two of R 1 may be the same as or different from each other, and X 1 is halogen, hydrogen or an alkoxy 
group. 

[0026] Examples of the magnesium compounds having reduction ability include: 

40 dialkylmagnesium compounds, such as dimethylmagnesium, diethylmagnesium, dipropylmagnesium, dibutylmag- 
nesium, diamylmagnesium, dihexylmagnesium. didecylmagnesium, octylbutylmagnesium and ethylbutylmagne- 

sium; 

alkylmagnesium halides, such as ethylmagnesium chloride, propylmagnesium chloride, butylmagnesium chloride, 
hexylmagnesium chloride and amylmagnesium chloride; 
45 alkylmagnesium alkoxides. such as butylethoxymagnesium, ethylbutoxyrnagnesium and octylbutoxy magnesium; 
and 

butylmagnesium hydride. 
[0027] Examples of the magnesium compounds having no reduction ability include: 

50 

magnesium halides, such as magnesium chloride, magnesium bromide, magnesium iodide and magnesium fluo- 
ride; 

alkoxymagnesium halides, such as methoxymagnesium chloride, ethoxymagnesium chloride, isopropoxy magne- 
sium chloride, butoxymagnesium chloride and octoxymagnesium chloride; 
55 aryloxymagnesium halides, such as phenoxymagnesium chloride and methylphenoxymagnesium chloride; 

alkoxymagnesiums, such as diethoxymagnesium, diisopropoxy magnesium, dibutoxymagnesium, di-n-octoxy mag- 
nesium, di-2-ethylhexoxymagnesium, and ethoxymethoxymagnesium; 
aryloxymagnesiums, such as diphenoxymagnesium and dimethylphenoxymagnesium; 
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magnesium carboxylate, such as magnesium iaurate and magensium stearate. 

[0028] Also employable as the magnesium compounds having no reduction ability are metallic magnesium and hydro- 
genate magenesium. 

5 [0029] These magnesium compounds having no reduction ability may be compounds derived from the aforemen- 
tioned magnesium compounds having reduction ability or compounds derived during the preparation of the catalyst 
component. For deriving the magnesium compounds having no reduction ability from the magnesium compounds hav- 
ing reduction ability, for example, the magnesium compounds having reduction ability are brought into contact with 
polysiloxane compounds, halogen-containing silane compounds, halogen-containing aluminum compounds, esters. 

io alcohols, halogen-containing compounds, or compounds having OH group or active carbon-oxygen bond. The magne- 
sium compounds may be used in combination or two or more kinds. 

[0030] For preparing the solid titanium catalyst component, other magnesium compounds than the above-mentioned 
can be also employed, but it is preferable that the magnesium compound takes a form of a halogen-containing magne- 
sium compound in the finally obtained solid titanium catalyst component. Therefore, when a magnesium compound 
is containing no halogen is used, the magnesium compound is preferably contacted with a halogen-containing compound 
during the preparation of the catalyst component 

[0031] Of the above compounds, preferable are the magnesium compounds having no reduction ability, and particu- 
larly preferable are the halogen-containing magnesium compounds. Of these, magnesium chloride, alkoxymagnesium 
chloride and aryloxymagnesium chloride are more preferable. 
20 [0032] According to the invention, in the preparation of a solid titanium catalyst component, the magnesium com- 
pound is used in a liquid state (solution state). 

[0033] A magnesium compound in a solid state can be made liquid by the use of an electron donor (d-iv). Examples 
of the electron donors (d-iv) include alcohols, phenols, ketones, aldehydes, ethers, amines, pyridines and metallic acid 
esters. Specifically, there can be mentioned: 

25 

alcohols having 1 to 18 carbon atoms, such as methanol, ethanol, propanol, butanol, pentanol, hexanol, 2-ethyl- 
hexanol, octanol, dodecanol, octadecyl alcohol, oleyl alcohol, benzyl alcohol, phenylethyl alcohol, cumyl alcohol, 
isopropyl alcohol and isopropylbenzyl alcohol; 

halogen-containing alcohols having 1 to 18 carbon atoms, such as trichloromethanol and trichloroethanol, trichlo- 
30 rohexanol; 

phenols having 6 to 20 carbon atoms, which may have a lower alkyl group, such as phenol, cresol, xyienol. ethyl- 
phenol, propylphenol, nonylphenol, cumylphenol and naphthol; 

ketones having 3 to 15 carbon atoms, such as acetone, methyl ethyl ketone, methyl isobutyl ketone, ethyl n-butyl 
ketone, acetophenone, benzophenone. benzoquinone and cyclohexanone; 
35 aldehydes having 2 to 1 5 carbon atoms, such as acetaldehyde, propionaldehyde, octylaldehyde, benzaldehyde, tol- 
ualdehyde and naphthaidehyde; 

ethers having 2 to 20 carbon atoms, such as methyl ether, ethyl ether, isopropyl ether, butyl ether, amyl ether, tet- 
rahydrofuran, ethylbenzyl ether, ethylene glycol dibutyl ether, anisole and diphenyl ether; 

amines, such as methylamine, ethylamine, dimethylamine, diethylamine, trimethyiamine, triethylamine, trib- 
40 utylamine, tribenzylamine, tetramethylenediamine and hexamethylenediamine; 

pyridines, such as pyridine, methylpyridine, ethylpyridine, propylpyridine, dimethylpyridine, ethylmethylpyridine, tri- 
methylpyridine. phenylpyridine. benzylpyridine and pyridine chloride; and 

metallic acid esters, such as tetraethoxytitanium, tetra-n-propoxytitanium, tetra-i-propoxytitanium, tetrabutoxytita- 
nium, tetrahexoxytitanium, tetrabutoxyzirconium and tetraethoxyzirconium. 

45 

[0034] Of these, preferably used are alcohols and metallic acid esters, and particularly preferably used are alcohols 
having 6 or more carbon atoms. When an alcohol having 6 or more carbon atoms is used to make the magnesium com- 
pound liquid, the alcohol is desirably used in an amount of not less than about 1 mol. preferably not less than 1.5 mol, 
based on 1 mol of the magnesium compound. There is no specific limitation on the upper limit of the amount of the alco- 
50 hol. but from the economical viewpoint, the upper limit is preferably not so high and is preferably 40 mol based on 1 mol 
of the magnesium compound. 

[0035] If an alcohol having 5 or less carbon atoms is used to make the magnesium compound liquid, the alcohol in 
an amount of usually not less than about 15 mol based on 1 mol of the magnesium compound is necessary. 
[0036] The reaction between the solid magnesium compound and the electron donor (d-iv) is generally carried out by 
55 contacting the solid magnesium compound with the electron donor (d-iv) and then optionally heating them. The contact 
is conducted at a temperature of usually 0 to 200 °C, preferably 20 to 180 °C, more preferably 50 to 1 50 °C. 
[0037] The above reaction may be carried out in the presence of a hydrocarbon solvent. Examples of the hydrocarbon 
solvents include aliphatic hydrocarbons, such as pentane, hexane, heptane, octane, decane, dodecane, tetradecane 
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and kerosine; alicyclic hydrocarbons, such as cyclopentane, methylcyclopentane, cyclohexane, methylcyclohexane and 
cyclooctane; halogenated hydrocarbons, such as dichloro ethane, dichloropropane, trichloroethylene and chloroben- 
zene; and aromatic hydrocarbons, such as benzene, toluene and xylene. 



Liquid titanium compound 



[0038] The liquid titanium compound used in the invention is preferably a tetravalent titanium compound. The tetrav- 
alent titanium compound is, for example, a compound represented by the following formula: 



Ti(OR) g X4_ g 

wherein R is a hydrocarbon group, X is a halogen atom, and 0 ^ g <, 4. 
[0039] Examples of such titanium compounds include: 

titanium tetrahalides, such as TiCI 4 , TiBr 4 and TiCI 2 Br 2 ; 

alkoxytitanium trihalides, such as Ti(OCH 3 )CI 3 , Ti(OC 2 H 5 )CI 3 , Ti(On-C 4 H 9 )CI 3 , Ti(OC 2 H 5 )Br 3 and Ti(0-iso- 
C4H9)Br 3 ; 

dialkoxytitanium dihalides, such as Ti(OCH 3 ) 2 CI 2 , Ti(OC 2 H 5 ) 2 Cl2, Ti(On-C 4 H 9 ) 2 CI 2 and Ti(OC2H5) 2 Br 2 ; 
trialkoxyt'rtanium monohalides, such as Ti(OCH 3 ) 3 CI, Ti(OC 2 H 5 ) 3 CI, Ti(On-C 4 H 9 ) 3 CI and Ti(OC 2 H 5 ) 3 Br; and 
tetraaikoxytitaniums, such as Ti(OCH 3 ) 4 , T\(OC 2 H^ A , Ti(On-C 4 H 9 ) 4 , Ti(0-iso-C 4 H 9 ) 4 and Ti(0-2-ethylhexyl) 4 . 



[0040] Of these, preferable are titanium tetrahalides, and particularly preferable is titanium tetrachloride. These tita- 
nium compounds may be used in combination of two or more kinds. These titanium compounds may be used after 
diluted with hydrocarbons, halogenated hydrocarbons or aromatic hydrocarbons. 

(d-i) Electron donor 

[0041] In the contact of the liquid magnesium compound with the liquid titanium compound, a polycarboxylic ester 
and/or a compound having two or more ether linkages present through plural atoms is used as the electron donor (d-i). 
[0042] The polycarboxylic ester is represented by, for example, the following formula: 

H , H 

RS-C-COOR 1 R 3 V COOR 1 R 3 -C-OCOR 5 

I N c I 

R4-C-COOR* R4 / - coor2 R*.C-OCOR< 



[0043] In the above formulas, R 1 is a substituted or unsubstituted hydrocarbon group, R 2 , R 5 and R 6 are each hydro- 
gen or a substituted or unsubstituted hydrocarbon group, R 3 and R 4 are each hydrogen or a substituted or unsubsti- 
tuted hydrocarbon group, and at least one of R 3 and R 4 is preferably a substituted or unsubstituted hydrocarbon group. 
R 3 and R 4 may be linked to each other to form a cyclic structure. When the hydrocarbon groups R 1 to R 6 are substi- 
tuted, the substituents contain hetero atoms such as N, O and S and have groups such as C-O-C, COOR, COOH, OH, 
SOgH, -C-N-C- and NH 2 . 

[0044] Particular examples of the polycarboxylic acid esters include: 

aliphatic polycarboxylic acid esters, such as diethyl succinate, dibutyl succinate, diethyl methylsuccinate, diisobutyl 
a-methylglutarate, diethyl methylmalonate, diethyl ethylmalonate, diethyl isopropylmalonate, diethyl butylmalonate, 
diethyl phenyl malonate, diethyl di ethylmalonate, diethyl dibutylmalonate, monooctyt maleate, dioctyt maleate, dib- 
utyl maleate, dibutyl butylmaleate, diethyl butylmaleate, diisopropyl (3-methylglutarate, diallyl ethyl succinate, di-2- 
ethylhexyl fumarate, diethyl itaconate and dioctyl crtraconate; 

alicyclic polycarboxylic acid esters, such as diethyl 1 ,2-cyclohexanecarboxylate, diisobutyl 1 ,2-cyclohexanecarbox- 
ylate, diethyl tetrahydrophthalate and diethyl nadiate; 

aromatic polycarboxylic acid esters, such as diisopropyl phthalate, diisobutyl phthalate, dineopentyl phthalate, di- 
2-ethylhexyl phthalate, monoethyl phthalate, dimethyl phthalate, methylethyl phthalate, monoisobutyl phthalate, 
diethyl phthalate, ethylisobutyl phthalate, di-n-propyl phthalate, di-n-butyl phthalate, di-n-heptyl phthalate, di-n-octyl 
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phthalate, didecyl phthalate. benzytbutyl phthalate, diphenyl phthalate, diethyl naphtha! enedicarboxylate, dibutyl 
naphthalenedicarboxytate, triethyl trimellitate and dibutyl trimellitate; and 
heterocyclic polycarboxyiic acid esters, such as 3,4-furaridicarboxilic acid. 

5 [0045] Other examples of the polycarboxyiic acid esters are esters of long-chain dicarboxylic acids, such as diethyl 
adipate, diisobutyl adipate, diisopropyl sebacate, di-n-butyl sebacate, di-n-octyl sebacate and di-2-ethylhexyl sebacate. 
[0046] Of the polycarboxyiic esters, particularly preferable are phthalic esters represented by the following formula: 



10 (^~\T~ COOR 

^"COOR 

15 

wherein R is a branched hydrocarbon group of 3 to 12 carbon atoms, and two of R may be the same or different. 
[0047] In the above formula, the benzene nucleus may be substituted with a halogen atom or a lower hydrocarbon 
group. 

[0048] Examples of the phthalic esters include diisopropyl phthalate, diisobutyl phthalate, dineopentyl phthalate, 
20 diheptyl phthalate and di-2-ethylhexyl phthalate. Particular examples of the diheptyl phthalates include diheptyl phtha- 
lates having a branched heptyl group, such as di(2-methylhexyl) phthalate, di (3- methyl hexyl) phthalate, di(4-methyl- 
hexyl) phthalate, di(5-methylhexyl) phthalate, di(2,4-dimethylpentyl) phthalate, di(3,4-dimethylpentyl) phthalate, di(2,2- 
dimethylpentyl) phthalate, di(2,3-dimethylpentyl) phthalate, di(3,3-dimethylpentyl) phthalate, di(3-ethylpentyl) phthalate 
and di(2 f 2,3-trimethylbutyl) phthalate. 
25 [0049] Also available are compounds having a combination of two different branched alkyl groups selected from 
among such branched alkyl groups as contained in the above-exemplified compounds. 

[0050] Further, a phthalic di ester which is a mixture of two or more kinds of the above compounds is also available. 
[0051 ] For example, a mixture of diheptyl phthalates, wherein plural R groups in the above formula consist of 3-meth- 
ylhexyl group (a %), 5-ethylhexyl group (b %) and 2,4-dimethylpentyl group (c %) (a+b+c = 100 %), is also preferably 
30 employed. 

[0052] In the compound having two or more ether linkages present through plural atoms, (hereinafter, sometimes 
referred to as "polyether compound") the atom present between the ether linkages is at least one element selected from 
the group consisting of carbon, silicon, oxygen, sulfur, phosphorus and boron, and the number of atoms is 2 or greater. 
Of such compounds, preferable are compounds wherein relatively bulky substituents, specifically substituents of 2 or 
35 more (preferably 3 or more) carbon atoms having linear, branched or cyclic structure (preferably branched or cyclic 
structure), are bonded to the atoms present between the ether linkages. Also preferable are compounds wherein the 
atoms present between two or more ether linkages include plural carbon atoms, preferably 3 to 20 carbon atoms, more 
preferably 3 to 10 carbon atoms, particularly preferably 3 to 7 carbon atoms. 

[0053] If such a polyether compound as mentioned above is used and if the later-described Al/Ti ratio in the prepo- 
40 lymerization is in the range of 0.5 to 2.5 mol/mol, particle properties of the resulting polymer particles, such as bulk den- 
sity, can be improved. 

[0054] The polyether compound is, for example, a compound represented by the following formula. 
45 R 22 R n+1 j^2n j^24 

R 21 -C-O-C- ... -C-O-C- R 26 
R 23 R l ... R n R 25 

50 

wherein n is an integer of 2 ^ n s 1 0, R 1 to R 26 are each a substituerrt having at least one element selected from carbon, 
hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon; groups optionally selected from R 1 to R 26 , 
preferably from R 1 to R 2n , may form in cooperation a ring other than a benzene ring; and the main chain may contain 
55 an atom other than carbon. 

[0055] Examples of the polyether compounds may include: 

2-(2-ethylhexyl)-1 ,3-dimethoxypropane, 
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2-isopropyl-1 ,3-dimethoxypropane, 
2-butyl-1 ,3-dimethoxypropane, 
2-s-butyl-1 ,3-dimethoxypropane, 
2-cycfohexyl-1 ,3-dimethoxypropane, 
2-phenyl-1 ,3-dimethoxypropane, 
2-cumyM ,3-dimethoxypropane, 
2-(2-phenylethyl)-1 ,3-dimethoxypropane, 
2-(2-cyclohexylethyl)-1 ,3-dimethoxypropane, 
2-(p-chlorophenyl)-1 ,3-dimethoxypropane, 
2-(diphenylmethyl)-1 ,3-dimethoxypropane, 
2-(1-naphthyl)-1 ,3-dimethoxypropane, 
2-(2-fluorophenyl)-1,3-dimethoxypropane. 
2-(1 -decahydronaphthyl)-1 ,3-dimethoxypropane, 
2-(p-t-butyt phenyl)- 1 ,3-dimethoxypropane, 
2,2-dicyclohexy1-1 ,3-dimethoxypropane, 
2,2-dicyclopentyl-1 ,3-dimethoxypropane, 
2,2-diethyl-1 ,3-dimethoxypropane. 
2,2-dipropyM ,3-dimethoxypropane, 
2,2-diisopropyM ,3-dimethoxypropane, 
2,2-dibutyl-1 ,3-dimethoxypropane, 
2-methyi-2-propyl- 1 ,3-dimethoxypropane, 
2-methyi-2-benzyl-1 ,3-dimethoxypropane, 
2-m ethyl -2- ethyl -1 ,3-dimethoxypropane, 
2-methyl-2-isopropyl-1 ,3-cDmethoxypropane, 
2-methyl-2-phenyl-1 ,3-dimethoxypropane, 
2-methy1-2-cyclohexyl- 1 ,3-dimethoxypropane, 
2,2-bis(p-chIorophenyl)-1 ,3-dimethoxypropane, 
2 ,2-bis(2-cyclohexy1ethyt)-1 ,3-dimethoxypropane, 
2-methyl-2-isobutyl-1 ,3-dimethoxypropane, 
2-methyl-2-(2-ethylhexyl)- 1 ,3-dimethoxypropane, 
2,2-di-isobutyl-1 ,3-dimethoxypropane, 
2,2-diphenyl-1 ,3-dimethoxypropane, 
2,2-dibenzyl-1 ,3-dimethoxypropane, 
2.2-bis(cydohexylmethyl)-1 ,3-dimethoxypropane, 
2,2-di-isobutyl-1 ,3-diethoxypropane, 
2,2-di-isobutyi-1 ,3-dibutoxypropane, 
2-isobutyl -2-isopropyl -1 ,3-di methoxypropane, 
2-(1 -methyl butyl) -2-isopropyl-1 ,3-dimethoxypropane, 
2-(1 -methyl butyl)-2-s-butyl-1 ,3-dimethoxypropane, 
2,2-di-s-butyl-1 ,3-dimethoxypropane, 
2,2-di-t-butyi-1 ,3-dimethoxypropane, 

2.2- dineopentyl-1 ,3-dimethoxypropane, 
2-isopropyl-2-isopentyl-1 ,3-dimethoxypropane, 
2-phenyl-2-isopropyl- 1 , 3-dim ethoxypropan e, 
2-phenyl-2-s-butyl-1,3-dimethoxypropane, 
2-benzyi-2-isopropyl-1 ,3-dimethoxypropane, 
2-benzy1-2-s-butyl- 1 ,3-di methoxypropane, 
2-phenyl-2-benzyi-1 ,3-dimethoxypropane, 
2-cyclopentyl-2-isopropyl-1.3-dimethoxypropane, 
2-cyclopentyl-2-s-butyl- 1 ,3-dimethoxypropane, 
2-cyclohexyl-2-isopropyl-1 ,3-dimethoxypropane, 
2-cycloh exyl -2 -s-butyl-1 ,3-dimethoxypropane, 
2-isopropyt-2-s-butyl-1 ,3-dimethoxypropane, 
2-cyclohexyl-2-cyclohexylmethyl- 1 ,3-dimethoxypropane, 

2.3- diphenyl-1 ,4-diethoxybutane, 
2,3-dicyclohexyl-1 ,4-diethoxybutane, 

2.2- dibenzyl-1 ,4-diethoxybutane, 

2.3- dicyclohexyl-1 ,4-diethoxybutane, 
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2,3-di-isopropyl-1 ,4-diethoxybutane, 

2.2- bis(p-methy!phenyl)-1 ,4-dimethoxybutane, 

2.3- bis(p-chlorophenyl)-1,4-dimethQxybutane, 

2.3- bis(p-fluorophenyl)-1 ,4-dimethoxybutane, 
5 2,4-diphenyl-l ,5-dimethoxypentane, 

2.5- diphenyM ,5-dimethoxyhexane, 

2.4- di-isopropyl-1 ,5-dimethoxypentane, 
2,4-di-isobutyl-1 ,5-dimethoxypentane, 
2,4-diisoamyM ,5-dimethoxypentane, 

io 3-methoxymethyltetrahydrofuran, 
3 -methoxymethyldioxan e, 
1 ,3-di-isobutoxypropane, 
1 ,2-di-isobutoxypropane, 

1 .2- di-isobutoxyethane, 

75 1,3-di-isoamyloxypropane, 

1 .3- di-isoneopentyloxyethane, 
1 ,3-di-neopentyloxypropane, 
2,2-tetramethylene-1 ,3-dimethoxypropane, 
2 ,2-pentamethylene- 1 ,3-di methoxypropane, 

20 2,2-hexamethylene-1 ,3-dimethoxypropane, 

1 ,2-bts(methoxymethy!)cyclohexane, 

2,8-dioxaspiro [5,5] undecane, 

3,7-dioxabicyclo [3,3,1] nonane, 

3,7-dioxabicyclo [3,3,0] octane, 
25 3,3-dHSObutyJ-1,5-oxononane, 

6.6- isobutyfdioxoheptane, 

1 , 1 -dimethoxymethylcyclopentane, 
1 , 1 -bis(dimethoxymethyl)cyclohexane, 

1.1- bis(methoxymethyl)bicyclo [2,2.1] heptane, 
30 1,1 -dimethoxymethylcyclopentane, 

2-methyl-2-methoxymethyl-1 ,3-dimethoxypropane, 
2-cyclohexyl-2-ethoxymethyl-1,3-diethoxypropane, 
2-cyclohexyl-2-methoxymethyl-1,3-dimethoxypropane, 

2.2- di-isobutyl-1 ,3-dimethoxycyclohexane, 

35 2-isopropyl-2-isoamy!-1 ,3-dimethoxycyclohexane, 

2-cyclohexyl-2-methoxymethyl- 1 , 3-dimethoxycyclohexan e, 

2-isopropyl-2-methoxymethyl-1,3-dimethoxycyc)ohexane, 

2-isobutyl-2-methoxymethyl- 1 ,3-di methoxycyclohexane, 

2-cyclohexyl-2-ethoxymetnyl - 1 ,3-diethoxycyclohexane, 
40 2-cyclohexyl-2-ethoxymethyl-1 ,3-dimethoxycyclohexane, 

2-isopropyl-2-ethoxymethyl-1 ,3-diethoxycyclohexane, 

2-isopropyl-2-ethoxymethy 1-1 ,3-dimethoxycyclohexane, 

2-isobutyl-2-ethoxymethy I- 1 ,3-di ethoxycyclohexane, 

2-isobutyt-2-ethoxymethyl- 1 ,3-dimethoxycyclohexane, 
45 tris(p-methoxyphenyl)phosphine. 

methylphenylbis(methoxymethyl)silane, 

diphenylbis(methoxymethyl)silane, 

methy!cycIohexyIbis(methoxymethyi)silane, 

di-t-butylbis(methoxymethyl)silane, 
so cyclohexyl-t-butylbis(methoxymethyl)silane and 

1- propyl-t-butylbis(methoxymethyl)silane. 

[0056] Of these polyether compounds, desirable examples are 1,3-diethers. Particularly, more desirable examples 
are: 

55 

2- isopropyl-2-isobutyl-1 ,3-dimethoxy propane, 
2-isopropyl-2-sec-butyl-1 ,3-dimethoxy propane. 
2,2-di-isobutyl-1 ,3-dimethoxy propane, 
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2-isopropyl-2-isopenty1-1 ,3-dimethoxy propane, 
2,2-dicyclohexyM ,3-dimethoxy propane. 
2,2-bis(cyclohexylmethyl)-1 ,3-dimethoxy propane, 
2-cyclohexyl-2-isopropyl-1 ,3-dimethoxy propane, 
5 2,2-dipheny1-1 ,3-dimethoxypropane and 

2-cyclopenty1-2-isopr pyl-1 ,3-dimethoxypropane. 

Preparation of solid titanium catalyst component 

10 [0057] According to the invention, in the preparation of a solid titanium catalyst component from the liquid magnesium 
compound, the liquid titanium compound and the electron donor (d-i), 

(I) the liquid magnesium compound is first contacted with the liquid titanium compound to precipitate a solid in the 
contact liquid (P), and during the time from beginning to end of the solid precipitation, the electron donor (d-i) 
15 selected from the group essentially consisting of the polycarboxylic ester and the polyether compound is added to 
the contact liquid (P), to form a solid product (a) comprising titanium, magnesium, halogen and the electron donor 
(d-i). 

[0058] The contact liquid (P) generally contains, before addition of the electron donor (d-i) thereto, an electron donor 
20 (d-iii) selected from the group consisting of a monocarboxylic ester, an aliphatic carboxylic acid, an acid anhydride, a 
ketone, a monoether, an aliphatic carbonate, an alkoxy group-containing alcohol, an arytoxy group-containing alcohol, 
an organosilicon compound having Si-OC bond and an organophosphorus compound having P-O-C bond. 
[0059] Examples of the electron donors (d-iii) include: 

25 monocarboxylic esters, such as methyl formate, methyl acetate, ethyl acetate, vinyl acetate, propyl acetate, i-butyl 
acetate, t-butyl acetate, octyl acetate, cyclohexyl acetate, methyl chloroacetate, ethyl dichloroacetate, ethyl propi- 
onate, methyl pyruvate, ethyl pivalate. methyl butyrate. ethyl valerate, methyl methacrylate. ethyl crotonate. ethyl 
cyclohexanecarboxylate, methyl benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate. 
cyclohexyl benzoate. phenyl benzoate, benzyl benzoate. methyl toluate, ethyl toluate. amyl toluate. ethyl ethylben- 

30 zoate, methyl anisate, ethyl anisate and ethyl ethoxybenzoate; 

aliphatic carboxylic acids, such as formic acid, acetic acid, propionic acid, butyric acid and valeric acid; 

acid anhydrides, such as acetic anhydride, phthalic anhydride, maleic anhydride, benzoic anhydride, trimellitic 

anhydride and tetrahydrophthalic anhydride; 

ketones, such as acetone, methyl ethyl ketone, methyl isobutyl ketone, ethyl n-butyl ketone, acetophenone. benzo- 
35 phenone, benzoquinone and cyclohexanone; 

monoethers, such as methyl ether, ethyl ether, isopropyl ether, butyl ether, amyl ether, ethylbenzyl ether and ani- 
sole; 

aliphatic carbonates, such as dimethyl carbonate, diethyl carbonate and ethylene carbonate; 
alkoxy group-containing alcohols, such as butyl cellosolve and ethyl cellosolve; 
40 organosilicon compounds having Si-O-C bond, such as methyl silicate, ethyl silicate and diphenyldimethoxysilane, 
preferably organosilicon compounds represented by the formula R 1 x R 2 y Si(OR 3 ) 2 (R 1 and R 2 are each independ- 
ently a hydrocarbon group or halogen, R 3 is a hydrocarbon group, 0^x<2, 0^y<2, and 0 < z <. 4); and 
organophosphorus compounds having P-O-C bond, such as trimethyl phosphite and triethyl phosphite. 

45 [0060] The electron donors (d-iii) may be used in combination of two or more kinds. 

[0061 ] The electron donor (d-iii) has only to be contained in the contact liquid (p) between the liquid magnesium com- 
pound and the liquid titanium compound, before the electron donor (d-i) is added to the contact liquid (0). For example, 
the electron donor (d-iii) may be incorporated into any one or both of the liquid magnesium compound and the liquid 
titanium compound, followed by contacting those compounds with each other, or the electron donor (d-iii) may be added 

so to the contact liquid (p) between the liquid magnesium compound and the liquid titanium compound prior to the addition 
of the electron donor (d-i) to the contact liquid (p). 

[0062] When the contact between the liquid magnesium compound and the liquid titanium compound is carried out 
in the presence of the electron donor (d-iii), a solid product (a) having excellent particle shape can be obtained. 
[0063] in the contact between the liquid magnesium compound and the liquid titanium compound, another electron 
55 donor (d-v) may be further used in an amount not detrimental to the object of the present invention, in addition to the 
electron donor (d-i) selected from the group consisting of the polycarboxylic ester and the polyether compound. 
[0064] Examples of the electron donors (d-v) include: 
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the organosilicon compounds previously described as the electron donors (d-iv) for making the magnesium com- 
pound liquid; 

organosilicon compounds described later as the electron donors (C); 

acid amides, such as N,N-dimethylacetamide, N.N-diethylbenzamide and N,N-dimethyltoluamide; 
5 acid halides having 2 to 15 carbon atoms, such as acetyl chloride, benzoyl chloride, toluyl chloride and anisoyl chlo- 

ride; 

nitriles. such as acetonitrile, benzonitrile and trinitrile; 
pyrroles, such as pyrrole, methylpyrrole and dimethylpyrrole; 
pyrrolines; 
io x pyrrolidines; 
indoles; 

nitrogen-containing cyclic compounds, such as piperidines, quinolines and isoquinolines; and 
oxygen-containing cyclic compounds, such as tetrahydrofuran, 1,4-cineol, 1,8-cineol, pinolfuran, methylfuran, 
dimethylfuran, diphenylfuran, benzofuran, coumaran, phthalan, tetrahydropyran, pyran and dihydropyran. 

15 

[0065] In the step (I) for forming the solid product (a), the liquid magnesium is contacted with the liquid titanium com- 
pound to precipitate a solid in the contact liquid (P), and during the time from beginning to end of the solid precipitation, 
the electron donor (d-i) selected from the group consisting of the polycarboxylic ester and the polyether compound is 
added to the contact liquid (p). 

20 [0066] In more detail, the liquid magnesium compound is contacted with the liquid titanium compound in the presence 
of the electron donor (d-iii) at a temperature of usually -70 to 200 °C, preferably -50 to 150 °C, more preferably -30 to 
130 °C, to precipitate a solid. The liquid temperature of the liquid magnesium compound may be different from the liquid 
temperature of the liquid magnesium compound. 

[0067] In the present invention, it is preferable that the liquid magnesium compound is contacted with the liquid tita- 
25 nium compound in the presence of the electron donor (d-iii) at a low temperature at first, followed by elevating the tem- 
perature slowly, to precipitate a solid. The electron donor (d-i) is preferably added during this temperature rise, and 
specifically, it is preferable that the. electron donor (d-i) is added when a solid is precipitated in the contact liquid (p) in 
an amount of not less than 20 % by weight and less than 1 00 % by weight, preferably 50 to 99 % by weight, more pref- 
erably 70 to 95 % by weight, based on 100 % by weight of the solid finally precipitated. During the time from beginning 
30 to end of the solid precipitation in the contact liquid (p), the electron donor (d-i) may be divided and added plural times. 
[0068] The solid precipitation ratio can be evaluated by actual measurement in accordance with the method described 
in the examples, which are described later, or it can be evaluated based on the precipitation time, the precipitation tem- 
perature, etc. measured in the model experiment. 

[0069] Though the amounts of the components used for preparing the solid product (a) vary depending on the prep- 
35 aration process and cannot be determined indiscriminately, the titanium compound can be used in an amount of usually 
0.01 to 1 ,000 mol, preferably 0.1 to 200 mol, based on 1 mol of the magnesium compound. The electron donor (d-iii) is 
desirably used in an amount of 0.01 to 1 mol, preferably 0.02 to 7 mol. more preferably 0.05 to 0.5 mol. based on 1 mol 
of the magnesium compound. 

[0070] The electron donor (d-i) can be used in an amount of 0.005 to 9.995 mol, preferably 0.01 to 4.99 mol, based 

40 on 1 mol of the magnesium compound. 

[0071 ] It is desirable that the total amount of the electron donor (d-i) and the later-described electron donor (d-ii) is in 
the range of usually 0.01 to 10 mol. preferably 0.1 to 5 mol, and this total amount is preferably such an amount as cor- 
responds to the amount of an electron donor commonly used for preparing a solid titanium catalyst component. 
[0072] The molar ratio of the electron donor (d-i) to the electron donor (d-ii) used in the later-described step (II) is 

45 preferably 10/90 to 90/10. more preferably less than 1 ((d-i)/(d-ii)<1), most preferably less than 0.5 ((d-i)/(d-ii)<0.5). 
[0073] In the step (I), two or more compounds selected from the group consisting of the polycarboxylic esters and the 
polyether compounds are employable as the electron donor (d-i). 

[0074] In the contact of the components (a) to (d) to produce a solid, the hydrocarbon solvents described above in the 
preparation of the liquid magnesium compound (a) can be employed if necessary. 
so [0075] In the preparation of the solid titanium catalyst component, carrier compounds, and organic or inorganic com- 
pounds which contain silicon, phosphorus, aluminum or the like and are commonly used as reaction assistants are 
employable in addition to the above compounds. 

[0076] Examples of the carrier compounds include metallic oxides, such as Al 2 0 3 , Si0 2 , B2O3, MgO, CaO, Ti0 2 , ZnO, 
Sn0 2 , BaO and ThO; and resins, such as a slyrene/divinylbenzene copolymer. Of these, preferable are Ti0 2 , Al 2 0 3 , 
55 Si0 2 and a styrene/divinylbenzene copolymer. 

[0077] By virtue of the above contact, a solid product (a) comprising titanium, magnesium, halogen and the electron 
donor (d-i) is obtained. 

[0078] According to the present invention, in the next step (II), the solid product (a) obtained after completion of the 
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solid precipitation is contacted with an electron donor (d-ii) selected from the group consisting of a polycarboxylic ester 
and a polyether compound. 

[0079] For example, the solid product (a) can be contacted with the electron donor (d-ii) by adding the electron donor 
(d-ii) to the contact liquid (0) containing the solid product (a), said contact liquid (0) bang obtained after the solid pre- 
5 cipitation is completed in the step (I). It is desirable that the electron donor (d-ii) is added to the contact liquid (p) 
obtained after completion of the solid precipitation, while maintaining the contact liquid (0) at the temperature at which 
the solid precipitation is completed, specifically. 70 to 150 °C. preferably 80 to 140 °C. 

[0080] It is also possible that the electron donor (d-ii) is added after the solid product (a) is temporarily taken out from 
the contact liquid (0) by filtration or the like. 
10 [0081 ] In the present invention, it is preferable that the electron donor (d-ii) is added to the contact liquid (0) containing 
the solid product (a). 

[0082] When the solid product (a) is temporarily filtered as described above, the solid product (a) may be resus- 
pended in an inert medium such as hexane or in a liquid catalyst component such as titanium tetrachloride, followed by 
adding the electron donor (d-ii) to the resulting suspension. 

75 [0083] In the present invention, the molar ratio of the electron donor (d-i) to the electron donor (d-ii) is preferably 1 0/90 
to 90/10, more preferably less than 1 ((d-i)/(d-ii)<1), most preferably less than 0.5 ((d-i)/(d-ii)<0.5), as previously 
described. Further, the electron donor (d-ii) is desirably used in an amount of usually 0.005 to 9.995 mol, preferably 0.01 
to 4.99 mol. based on 1 mol of the magnesium compound contained in the solid product (a). The electron donor (d-ii) 
can be divided and added two or more times. 

20 [0084] Examples of the compounds employable as the electron donor (d-ii) in the invention are the same as those 
previously described for the electron donor (d-i). Those compounds can be used in combination of two or more kinds 
as the electron donor (d-ii). 

[0085] The electron donor (d-ii) may be the same as or different from the electron donor (d-i). For example, the elec- 
tron donor (d-i) and the electron donor (d-ii) may be both polycarboxylic esters, or may be both polyether compounds. 
25 It is also possible that the electron donor (d-i) is a polycarboxylic ester and the electron donor (d-ii) is a polyether com- 
pound, or the reverse thereof is also possible. It is particularly desirable that different compounds are used in combina- 
tion as the electron donors (d-i) and (d-ii). 

[0086] When the electron donor (d-i) for forming the solid product (a) in the step (I) and the electron donor (d-ii) for 
use in the step (II) are both polycarboxylic esters, it is desirable that the electron donor (d-i) is diheptyl phthalate and 
30 the electron donor (d-ii) is diisobutyl phthalate. whereby a solid titanium catalyst component exhibiting particularly high 
activity can be obtained. 

[0087] In the step (II), the solid product (a) can be further contacted with a titanium compound. The contact between 
the solid product (a) and the titanium compound may be carried out simultaneously with the contact between the solid 
product (a) and the electron donor (d-ii), or may be carried out before or after the contact therebetween. As the titanium 
35 compound, the aforesaid liquid titanium compound is employable, and it may be the same as or different from the tita- 
nium compound used in the step (I). 

[0088] The titanium compound can be used in an amount of 0.01 to 1 ,000 mol, preferably 0.1 to 200 mol, based on 
1 mol of the magnesium compound in the solid product (a). 

[0089] The solid titanium catalyst component (A) obtained as above comprises magnesium, titanium, halogen, the 
40 electron donor (d-i) and the electron donor (d-ii). In detail, the solid titanium catalyst component (A) desirably comprises 
titanium in an amount of 0.1 to 10 % by weight, preferably 0.2 to 7.0 % by weight, magnesium and halogen in the total 
amount of 95 to 30 % by weight, and the electron donors (d-i) and (d-ii) in the total amount of 0.5 to 30 % by weight. 
[0090] Though the solid titanium catalyst component (A) obtained above can be used for polymerization as it is, it is 
preferably used after washed with a hydrocarbon solvent at 0 to 200 °C. 
45 [0091] As the washing solvent, the hydrocarbon solvent previously described in the preparation of the liquid magne- 
sium compound is employable. Of the previously exemplified hydrocarbon solvents, the aliphatic hydrocarbon solvent 

r the aromatic hydrocarbon solvent is preferably employed. 
[0092] In the washing, the hydrocarbon solvent is used in an amount of usually 1 to 10,000 ml, preferably 5 to 5,000 
ml, more preferably 10 to 1,000 ml, based on 1 g of the solid titanium catalyst component (solid matter). 
so [0093] The washing is preferably carried out until elimination of titanium comes to an end by hexane washing at room 
temperature. 

[0094] An olefin polymerization catalyst containing the solid titanium catalyst component prepared above can polym- 
erize an olefin with extremely high activity. 

[0095] The olefin polymerization catalyst according to the invention is formed from: 

55 

(A) the solid titanium catalyst component, 

(B) an organoaluminum compound, 

and optionally 
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(C) an electron donor. 
(B) Oraanoaluminum compound 

[0096] The organoaluminum compounds are represented by, for example, the following formula: 

R a nAIX 3 . n 

wherein R a is a hydrocarbon group of 1 to 12 carbon atoms, X is halogen or hydrogen, and n is 1 to 3. 

[0097] In the above formula, R a is a hydrocarbon group of 1 to 12 carbon atoms, e.g., an alkyl group, a cycloalkyl 

group or an aryl group. Particular examples of these groups include methyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl, 

hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and tolyl. 

[0098] Examples of such organoaluminum compounds include: 

trialkylaluminums, such as trimethylaluminum. triethylaluminum, triisopropylatuminum, triisobutyl aluminum, triocty- 
laluminum and tri-2-ethylhexylaluminum; 
alkeny I aluminums, such as isoprenylaluminum; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylaluminum chlo- 
ride, diisobutylaluminum chloride and dimethylaluminum bromide; 

aikylaluminum sesquihalides, such as methylaluminum sesqui chloride, ethylaluminum sesquichloride, isopropyla- 
luminum sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquibromide; 
aikylaluminum dihalides, such as methylaluminum dichloride, ethylaluminum dichloride, isopropylaluminum dichlo- 
ride and ethylaluminum dibromide; and 

aikylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
[0099] Also employable as the organoaluminum compounds are compounds represented by the following formula: 

R a n AIY 3 . n 

wherein R a is the same as above. Y is -OR b group, -OSiR c 3 group, -OAIR d 2 group, -NR e 2 group, -SiR f 3 group or - 
N(R9)AIR h 2 group, n is 1 to 2, R b , R c , R d and R h are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl, phenyl or the 
like, R e is hydrogen, methyl, ethyl, isopropyl, phenyl, trimethylsilyl or the like, and R f and R g are each methyl, ethyl or 
the like. 

[0100] Examples of such organoaluminum compounds include: 

(i) compounds of the formula R a n AI(OR b )3. ni e.g.. dimethylaluminum methoxide, diethylaluminum ethoxide and 
diisobutylaluminum methoxide; 

(ii) compounds of the formula R^AIfOSiR 0 )^, e.g., E^AIfOSiMes), (iso-Bu)2AI(OSiMe 3 ) and (iso-B) 2 AI(OSiEt 3 ); 

(iii) compounds of the formula R a nAI(OAlR d 2) 3 . n; e.g., Et 2 AIOAlEt 2 and (iso-Bu) 2 AIOAI(iso-Bu) 2 ; 

(iv) compounds of the formula R a n AI(NR e 2) 3 . n , e.g., MegAINEta. Et 2 AINHMe, MeaAINHEt, Et 2 AIN(Me 3 Si) 2 and (iso- 
Bu) 2 A!N(Me 3 Si) 2 ; 

(v) compounds of the formula R a n AI(SiR f 3 ) 3 . n , e.g., (iso-Bu) 2 AISiMe 3 ; and 

(vi) compounds of the formula R a n AI[N(R^-AIR h 2 ] 3 - n . e.g., Et 2 AIN(Me)-AIEt 2 and (iso-Bu) 2 AIN(Et)AI(iso-Bu) 2 . 

[0101 ] Also employable are compounds analogous to the above organoaluminum compounds, for example, organoa- 
luminum compounds wherein two or more aluminum atoms are linked to each other through an oxygen atom or a nitro- 
gen atom. Examples of such compounds include (C 2 H 5 ) 2 AIOAI(C 2 H5) 2 , (C4H9) 2 AIOAJ(C 4 H 9 ) 2 , 
(C 2 H5) 2 AIN(C 2 H5)AI(C 2 H5) 2 , and aluminoxanes such as methylaluminoxane. 

[0102] The alkyl complex compounds of Group I metals and aluminum are represented by the following formula: 

M 1 AIRi 4 

wherein M 1 is Li, Na or K, and R 1 is a hydrocarbon group of 1 to 1 5 carbon atoms. 
[0103] Examples of such compounds include LiAI(C 2 H 5 ) 4 and LiA](C7H 15 ) 4 . 

[0104] Of the organoaluminum compounds mentioned above, preferable are organoaluminum compounds repre- 
sented by the formulas R a 3 AI, R a n AI(OR b ) 3 . n and R a n Al(OAIR d 2 ) 3 . n . 

[0105] In the present invention, the organometallic compounds may be used in combination of two or more kinds. 
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(C) Electron donor 

[01 06] In the preparation of the olefin polymerization catalyst of the invention, an electron donor (C) may be optionally 
used. As the electron donor (C), organosilicon compounds which are represented by, for example, the following formula 
(i) is employed. 

R n Si(OR^n (i) 
wherein R and R* are each a hydrocarbon group, and n is 1 . 2 or 3. 

[01 07] Examples of the organosilicon compounds represented by the above formula include trimethylmethoxysilane, 
trimethylethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, diisopropyldimethoxysilane, t-butylmethyld- 
imethoxysilane, t-butylmethyldiethoxysilane. t-amylmethyldiethoxysilane, diphenyldimethoxysilane, phenylmethyld- 
imethoxysilane, diphenyldiethoxyailane, bis-o-tolyldimethoxysilane, bis-m-tolyldimethoxysilane, bis-p- 
tolyldimethoxysilane, bis-p-tolyldiethoxysilane, bisethylphenyldimethoxysilane, ethyltrimethoxysilane, ethyrtriethoxysi- 
lane, vinyltrimethoxysilane, methyltrimethoxysilane, n-proyltriethoxysilane, decyltrimethoxysilane, decyrtriethoxysilane, 
phenyltrimethoxysilane, rchloropropyrtrimethoxysilane, methyltriethoxysilane, ethyltriethoxysilane, vinyrtriethoxysilane, 
n-butyltriethoxysilane, phenyltriethoxysilane, y-aminopropyltriethoxysilane, chlorotriethoxysilane, ethyltriisopropoxysi- 
lane, vinyltributoxysilane, trimethylphenoxysilane. methyltriallyloxysilane. vinyltris(p-methoxyethoxysilane). vinyltriace- 
toxysilane and dim ethyl tetraethoxydi si loxane. Also employable are ethyl silicate and butyl silicate. 
[0108] The organosilicon compound represented by the formula (i) is preferably a compound specifically represented 
by the following formula (ii): 

R a n Si(ORV n (ii) 

wherein n is 1 , 2 or 3; when n is 1 , R a is a secondary or tertiary hydrocarbon group; when n is 2 or 3, at least one of R a 
is a secondary or tertiary hydrocarbon group, may be the same or different; R b is a hydrocarbon group of 1 to 4 
carbon atoms; and when 4-n is 2 or 3, OR b s may be the same or different. 

[0109] In the organosilicon compound of the formula (ii) having a bulky group, the secondary or tertiary hydrocarbon 
group is. for example, a cyclopentyl group, a cyclopentenyl group, a cyclopentadienyl group, a substituted cyclopentyl. 
cycloperrtenyl or cyclopentadienyl group, or a hydrocarbon group wherein the carbon adjacent to Si is secondary or ter- 
tiary carbon. 

[0110] Examples of the substituted cyclopentyl groups include cyclopentyl groups having alkyl groups, such as 2- 
mehtylcyclopentyl, 3-methylcyclopentyl, 2-ethylcyclopentyl, 2-n-butylcycloperrtyl, 2,3-dimethylcyclopentyl, 2,4-dimeth- 
ylcyclopentyl. 2,5<limethylcyclopemyl, 2,3-diethylcyclopentyl, 2.3,4-trimethylcyclopentyl, 2,3,5-trimethylcyclopentyl, 
2,3.4-triethylcyclopentyl, tetramethylcyclopentyl and tetraethylcyclopentyl. 

[01 1 1 ] Examples of the substituted cyclopentenyl groups include cycloperrtenyl groups having alkyl groups, such as 
2-methylcyclopentenyl, 3-methylcyclopentenyl, 2-ethylcyclopentenyl, 2-n-butylcyclopentenyl. 2,3-dimethylcyclopente- 
nyl, 2,4-dimethylcyclopentenyl, 2,5-dimethylcyclpentenyl. 2,3,4-trimethylcycloperrtenyl. 2,3,5-trimethylcyclopentenyl, 
2,3,4-triethylcyclopentenyl, tetramethylcyclopentenyl and tetraethylcydopentenyl. 

[0112] Examples of the substituted cyclopentadienyl groups include cyclopentadienyl groups having alkyl groups, 
such as 2-mehtylcyclopentadienyl, 3-methylcyclopentadienyl, 2-ethylcyclopentadienyl, 2-n-butylcyclopentadienyl, 2,3- 
dimethylcyclopentadienyl, 2,4-dimethylcyclopentadienyl, 2.5-dimethylcyclopentadienyl, 2,3-diethylcyclopentadienyl, 
2,3,4-trimethylcyclopentadienyl, 2,3,5-trimethylcycloperrtadienyl, 2,3,4-triethylcyclopentacfienyl, 2,3,4,5-tetramethylcy- 
clopentadienyl, 2,3,4,5-tetraethylcyclopentadienyl, 1,2,3,4,5-pentamethylcycloperrtadienyl and 1 ,2,3.4, 5-pentaethylcy- 
clopentadienyl. 

[011 3] Examples of the hydrocarbon groups wherein the carbon adjacent to Si is secondary carbon include i-propyl, 
s-butyl, s-amyl and a-methylbenzyl. Examples of the hydrocarbon groups wherein the carbon adjacent to Si is tertiary 
carbon include t-butyl, t-amyl, a.a'-dimethylbenzyl and adamantyl. 

[01 1 4] When n is 1 , examples of the organosilicon compounds represented by the formula (ii) include trialkoxysi lanes, 
such as cyclopentyltrimethoxysilane. 2-m ethyl cyclopentyltrimethoxysi lane, 2,3-dimethylcyclopentyltrimethoxysilane, 
cyclopentyltriethoxysilane, iso-butyltriethoxysilane, t-butyltriethoxysilane, cyclohexyltrimethoxysilane, cyclohexyltri- 
ethoxysilane, 2-norbornanetrimethoxysilane and 2-norbornanetriethoxysilane. 

[01 1 5] When n is 2, examples of the organosilicon compounds represented by the formula (ii) include dialkoxysi lanes, 
such as dicyclopentyldiethoxysilane, t-butylmethyldimethaxysilane, t-butylmethyldiethoxysilane, t-amylmethyldiethox- 
ysilane, dicydohexyldimethoxysilane. cyclohexylmethyldimethoxysilane, cyclohexylmethyldiethoxysilane and 2-norbor- 
nanemethyldimethoxysilane. 

[0116] Of the organosilicon compounds of the formula (ii) wherein n is 2, preferable are dimethoxysilane compounds 
represented by the following formula (iii): 
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Si 

R OCH 3 



wherein R a and R c are each independently a cydopentyl group, a substituted cyclopentyl group, a cyclopentenyl group, 
a substituted cyclopentenyl group, a cyclopentadienyi group, a substituted cyctopentadienyl group or a hydrocarbon 
group wherein the carbon adjacent to Si is secondary or tertiary carbon. 
[0117] Examples of the organosilicon compounds represented by the formula (iii) include: 



dicyclopentyldimethoxysilane, 

dicyclopentenyldimethoxysilane, 

dicyclopentadienytdimethoxysilane, 

di-t-butyldimethoxysilane, 

di(2-methylcyclopentyl)dimethoxysilane, 

di(3-methylcyclopentyl)dimethoxysilane, 

di(2-ethylcydopentyl)dimethoxysilane, 

di(2.3-dirnethylcyclopentyl)dimethoxysilane. 

di(2,4-dimethylcyclopentyl)dimethoxysilane, 

di(2,5-dimethylcyclopentyl)dimethoxysilane, 

di (2 ,3-di ethyl cyclopentyl)dimethoxysi lane, 

di(2,3,4-trimethylcyclopentyl)dimethoxysilane, 

di(2,3,5-trimethylcyclopentyl)dimethoxysilane, 

di (2, 3,4-tri ethyl eye lopentyl)dimethoxysi lane, 

di(tetramethylcyclopentyl)dimethoxysilane, 

di(tetraethylcyclopentyl>dimethoxysilane, 

di(2-methylcyclopentenyl)dimethoxysilane, 

di(3-methylcyclopentenyl)dimethoxysilane, 

di(2-ethylcyclopentenyl)dimethoxysilane. 

di(2-n-butylcyclopentenyl)dimethoxysilane, 

di(2,3-dimethylcyclopentenyt)dimethoxysilane, 

di(2,4-dimethylcyclopentenyl)dimethoxysilane, 

di(2,5<iimethylcyclopentenyl)dimethoxysilane, 

di(2,3,4-trimethytcyclopentenyl)dimethoxysilane, 

di(2,3,5-trimethylcyclopentenyl)dimethoxysilane, 

di(2,3,4-triethylcyclopentenyl)dimethoxysilane, 

di(tetramethy1cyclopentenyl)dimethoxysilane, 

di(tetraethylcyclopentenyl)dimethoxysilane, 

di(2-methylcyclopentadienyi)dimethoxysilane, 

di(3-methylcyclopentadienyi)dimethoxysilane, 

di(2-ethylcyclopentadienyl)dimethoxysilane, 

di(2-n-butylcyclcpentadienyl)dimethoxysilane, 

di(2,3-dimetnylcyclopentadienyl)dimethoxysilane, 

di(2,4<iimethylcyclopentadienyt)dimethoxysilane, 

di(2,5<iimethylcyclopentadienyl)dimethoxysilane 1 

di(2,3-diethylcyclopentadienyl)dimethoxysilane t 

di(2,3,4-trimethylcyclopentadienyl)dimethoxysilane, 

di(2,3 ( 5-trimethy1cyclopentadienyl)dimethoxysilane, 

di(2,3 t 4-triethylcyciopentadienyl)dimethoxysilane, 

di(2,3,4,5-tetramethylcyclopentadienyl)dimethQxysilane l 

di(2, 3,4, 5-tetraethylcyclopentadienyl)dimethoxysi lane, 

di(1,2,3,4,5-pentamethylcyclopentadienyl)dimethoxysilane, 

di(1.2,3,4,5-pentaethylcyclopentadienyl)dimethoxysilane, 
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di-t-amyldimethQxysilane, 
difa.a'-dimethylbenzyljdimethoxysilane, 
di(adamarrtyl)dimethoxysilane, 
adamantyl-t-butyldimethoxysilane, 
5 cyclopentyl-t-butykJimethoxysilane, 
diisopropyldimethoxysilane, 
di-s-butyldi methoxysilane, 
di-s-amyldimethoxysilane, and 
isopropyl-s-butyldimethoxysilane. 

10 

[0118] When n is 3, examples of the organosilicon compounds represented by the formula (ii) include monoalkoxysi- 
lanes, such as tricyclopentylmethoxysilane, tricyclopentylethoxysilane, dicyclopentyl m ethyl methoxysi lane, dicy- 
cloperrtylethylmethoxysilane, dicyclopentylmethylethoxysilane, cyclopentyldimethylmethoxysilane, cyclopentyldiethyl- 
methoxysilane and cydopentylcfi methyl ethoxysi lane. 

75 [0119] Of the above compounds, preferable are ethyltriethoxysilane, n-propyltriethoxysiiane, t-butyltriethoxysilane, 
vinyltriethoxysilane, phenyltriethoxysilane, vinyltributoxysilane, diphenyldimethoxysilane, phenylmethyldimethoxysi- 
lane, bis-p-tolyldimethoxysilane, p-tolylmethyldimethoxysilane, dicyclohexyldimethoxysilane, cydohexylmethyldimeth- 
oxysilane, 2-norbornanetriethoxysilane, 2-norbornanemethyldimethoxysilane, phenyltriethoxysilane, 
hexenyltrimethxysilane, cyclopentyltriethoxysilane, tricyclopentylmethoxysilane, cyclopentyWimethytmethoxysilane and 

20 dimethoxysilanes represented by the formula (iii). Among them, particularly preferable are dimethoxysilanes repre- 
sented by the formula (iii), specifically dicyclopentyldimethoxysilane, di-t-butyldimethoxysilane, di(2-methylcy- 
clopentyl)dimethoxysilane, di(3-methylcyclopentyl)dimethoxysilane and di-t-amyldimethoxysilane. 
[0120] Also employable as the electron donors (C) are: 

25 2,6-substituted piperidines; 
2,5-substituted piperidines; 

substituted methyl enediamines, such as N.N.N'.N'-tetramethylmethylenediamine and N,N,N\N'-tetraethylmethyl- 
enediamine; 

nitrogen-containing compounds, such as substituted imidazolidines (e.g., 1 ,3-dibenzylimidazolidine and 1 ,3-diben- 
30 zyl-2-phenylimidazolidine); 

phosphorus-containing compounds, such as phosphites (e.g., triethyl phosphite, tri-n-propyl phosphite, triisopropyl 
phosphite, tri-n-butyl phosphite, triisobutyl phosphite, di ethyl- n- butyl phosphite and diethylphenyl phosphite); 
oxygen-containing compounds, such as 2,6-substituted tetrahydropyrans and 2,5-substituted tetrahydropyrans. 

35 [0121 ] The electron donors (C) may be used in combination of two or more kinds. 

[01 22] In the preparation of the olefin polymerization catalyst of the invention using the component (A), the component 
(B) and optionally the component (C), other components can be employed if desired. 

[0123] In the present invention, a prepolymerized catalyst may be formed from the above-mentioned components in 
the presence of the olefin polymerization catalyst. 

40 [01 24] The pre(co) polymerized catalyst can be formed by prepolymerizing an olefin in the present of the solid titanium 
catalyst component (A), the organoaluminum compound (B) and optionally the electron donor (C). 
[0125] Examples of the olefins used for the prepolymerization include a-olefins of 2 or more carbon atoms, such as 
ethylene, propylene. 1-butene. 1-pentene, 1-hexene, 3-methyM-butene, 3-methyl-1-pentene, 3-ethyl-1-pentene, 4- 
methyl-1-pentene, 4,4-dimethyl-1 -pentene, 4-methyl- 1-hexene, 4,4-dimethyM -hexene, 4-ethyl-1-hexene, 3-ethyl-1- 

45 hexene, 1-octene, 1-decene, 1-dodecene, 1 -tetradecene, 1 -hexadecene, 1-octadecene and 1-eicosene. Further, the 
later-described vinyl compounds and polyene compounds are also employable for the prepolymerization. These com- 
pounds may be used in combination of two or more kinds. 

[01 26] The olefin used for the prepolymerization may be the same as or different from the later-described olefin used 
for the polymerization. 

so [0127] There is no specific limitation on the method of performing the prepolymerization. For example, the prepolym- 
erization can be carried out under such conditions that the olefins and the polyene compounds are liquid state, or it can 
be carried out in the presence of an inert solvent or in a gas phase. It is preferable that the olefins and the catalyst com- 
ponents are added to an inert hydrocarbon solvent and the prepolymerization is carried out under relatively mild condi- 
tions. The prepolymerization may be conducted under such conditions that the resulting prepolymer is dissolved in the 

55 polymerization medium or under such conditions that the prepolymer is not dissolved therein, but the prepolymerization 
is preferably conducted under such conditions that the prepolymer is not dissolved in the polymerization medium. 
[0128] It is desirable that the prepolymerization is carried out at a temperature of usually about -20 to +100 °C, pref- 
erably about -20 to +80 °C, more preferably -1 0 to +40 °C. 
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[0129] The prepolymerization may be carried out by any of batchwise, semi-continuous and continuous processes. 
[0130] The concentration of the catalyst in the prepolymerization system may be higher than that of the catalyst in the 
polymerization system. 

[01 31 ] Though the concentrations of the catalyst components in the prepolymerization system vary depending on the 
5 types of the catalyst components used, etc., the concentration of the solid titanium catalyst component (A) is usually 
about 0.001 to 5,000 mmol, preferably about 0.01 to 1,000 mmol, particularly preferably 0.1 to 500 mmol, in terms of 
titanium atom, based on 1 liter of the polymerization volume. 

[0132] The organoaluminum compound (B) is used in such an amount that a pre(co) polymer is produced in an 
amount of 0.01 to 2,000 g, preferably 0.03 to 1 ,000 g. more preferably 0.05 to 200 g, based on 1 g of the solid titanium 
10 catalyst component (A). That is, the organoaluminum compound (B) is usuallly used in an amount of usually about 0.1 
to 1 ,000 mol, preferably about 0.5 to 500 mot, particularly preferably 1 to 1 00 mol, based on 1 mol of titanium in the solid 
titanium catalyst component (A). 

[0133] In the prepolymerization, the electron donor (C) can be used, if necessary, in an amount of usually 0.01 to 50 
mol, preferably 0.05 to 30 mol, more preferably 0.1 to 10 mol, based on 1 mol of the titanium atom in the solid titanium 

75 catalyst component (A) . 

[0134] A molecular weight modifier such as hydrogen can be used in the prepolymerization. 
[0135] When the prepolymerized catalyst is obtained in the form of a suspension, the suspension may be used as 
such in the subsequent polymerization process, or the prepolymerized catalyst separated from the suspension can be 
used in the polymerization process. 

20 [0136] The above-mentioned prepolymerized catalyst can be used with the organoaluminum compound (B) and the 
electron donor (C). However, the prepolymerized catalyst may be used singly as the olefin polymerization catalyst. If 
the electron donor (C) is not used in the prepolymerization, the resulting prepolymerized catalyst may be used together 
with the electron donor (C) to form an olefin polymerization catalyst. Further, the electron donor (C) may be used neither 
in the prepolymerization nor in the polymerization. 

25 [0137] In the olefin polymerization catalyst according to the invention, other components than the above-mentioned 
ones, which are useful for olefin polymerization, may be contained. 

Process for olefin polymerization 

30 [0138] In the process for olefin polymerization according to the invention, an olefin is polymerized or copolymerized 
in the presence of the olefin polymerization catalyst comprising the solid titanium catalyst component (A), the organo- 
metallic compound catalyst component (B), and optionally, the electron donor (C), or in the presence of the prepolym- 
erized catalyst. 

[0139] Examples of the olefins employable herein include a-olefins of 2 or more carbon atoms, which are the same 
35 as those used for the prepolymerization 
[0140] Also employable are: 

cycloolef ins, such as cyclopentene, cycloheptene, norbornene, 5-ethyl-2-norbornene, tetracyclododecene and 2- 
ethyl-1 ,4,5,8-dimethano-1 ,2,3,4, 4a,5,8,8a-octahydronaphthalene; and 
40 vinyl compounds, such as styrene, dimethylstyrenes, allyl naphthalene, allylnorbornane, vinylnaphthalenes, allyltol- 
uenes. allylbenzene. vinylcyclopentane, vinylcyclohexane, vinylcycloheptane and allyltrialkylsilanes. 

[0141 ] Of these, preferably used are ethylene, propylene, 1 -butene, 3-methyM -butene, 3-methyl-1 -pentene, 4-methyl- 
1-pentene, vinylcyclohexene, dimethylstyrene, allyltrimethylsilane and allylnaphthalene. 

45 [0142] The olefin may be copolymerized with a small amount of a diene compound. 

[0143] Examples of the diene compounds include 1 ,3-butadiene, 1 ,3-pentadiene, 1 ,4-pentadiene, 1 ,3-hexadiene, 1 ,4- 
hexadiene, 1 ,5-hexadiene, 4-methyl-1,4-hexadiene, 5- m ethyl -1 ,4-hexadiene, 6-methyl-1 ,6-octadiene, 7-methyl-1,6- 
octadiene, 6-ethyl-1 ,6-octadiene, 6-propyl-1,6-octadiene, 6-butyl-1 ,6-octadiene, 6-methyl-1,6-nonadiene. 7-methyl-1,6- 
nonadiene, 6-ethyl-1 ,6-nonadiene, 7-ethyl-1,6-nonadiene, 6-methyl-1,6-decadiene, 7-methyl-1 ,6-decadiene, 6-methyl- 

50 1 ,6-undecadiene, 1,7-octadiene, 1 ,9-decadiene, isoprene, butadiene, ethylidene norbornene, vinyl norbornene and 
dicyclopentadiene. These diene compounds may be used in combination of two or more kinds. 
[0144] In the process of the invention, the polymerization can be carried out as any of liquid phase polymerization, 
such as solution polymerization or suspension polymerization, and gas phase polymerization. 
[0145] When the polymerization is carried out as slurry polymerization, the aforesaid inert organic solvent is employ- 

55 able as the solvent, or an olefin which is liquid at the reaction temperature is also employable as the solvent. 

[0146] In the polymerization, the solid titanium catalyst component (A) or the prepolymerized catalyst is used in an 
amount of usually about 0.001 to 100 mmol, preferably about 0.005 to 20 mmol, in terms of titanium atom, based on 1 
liter of the polymerization volume. 
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[0147] The organoaluminum compound (B) is used in such an amount that the amount of the metal atom in the com- 
p und (B) becom s usually about 1 to 2,000 mol, preferably about 2 1 500 mol, based on 1 md of the titanium atom 
in the polymerization system. 

[0148] The electron donor (C) may be used or may not be used. If necessary, the electron donor (C) is used in an 
5 amount of usually about 0.001 to 10 mol, preferably 0.01 to 5 mol, based on 1 mol of the metal atom in the organoalu- 
minum compound (B). 

[0149] As described above, if the prepolymerized catalyst is used in the polymerization, none of the organoaluminum 
compound (B) and the electron donor (C) may be used according to circumstances. When the olefin polymerization cat- 
alyst is formed from the prepolymerized catalyst and the component (B) and/or the component (C). the component (B) 
w and/or the component (C) is used in the above-mentioned amount. 

[0150] If hydrogen is used in the polymerization, the molecular weight of the resulting polymer can be modified, to 
thereby obtain a polymer having a high melt flow rate. 

[0151] In the process for olefin polymerization according to the invention, the polymerization is carried out at a tem- 
perature of usually about 20 to 300 °C, preferably about 50 to 1 50 °C, under a pressure of usually atmospheric pressure 
is to 100 kg/cm 2 , preferably about 2 to 50 kg/cm 2 , though these conditions vary depending on the type of the olefin, the 
type of the polymerization, etc. 

[0152] In the process of the invention, the polymerization can be carried out batchwise, semi -continuously or contin- 
uously. The polymerization can be conducted in two or more stages under different reaction conditions. 
[0153] In the present invention, a homopolymer of an olefin may be prepared, or a random or block copolymer of two 
20 or more olefins may be prepared. 

EFFECT OF THE INVENTION 

[0154] By the use of an olefin polymerization catalyst comprising the solid titanium catalyst component obtained by 
25 the present invention, olefins can be polymerized with an extremely high activity, and besides polyolef ins of high stere- 
oregularity can be produced when a -clef ins of 3 or more carbon atoms are polymerized. 

EXAMPLE; 

30 [01 55] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

[0156] Properties of polypropylene obtained in the following examples were measured by the methods described 
below. 

35 (1) Bulk density (BD) 

[0157] The bulk density was measured in accordance with ASTM D 1 895. 

(2) Melt flow rate (MFR) 

40 

[0158] The melt flow rate was measured at 230 °C under a load of 2.16 kg in accordance with ASTM D 1238. 

(3) 23°C n-decane-soluble component quantity 

45 [0159] The 23°C n-decane-soluble component quantity (t-DS) in the polymer was defined as a proportion of the total 
quantity of the 23°C n-decane-soluble component in the polymer obtained as a powder after polymerization and the sol- 
vent-soluble polymer to the quantity of the whole polymer, and was determined in the following manner. 
[0160] Into a 1 -liter flask, 3 g of a sample (powdered polymer), 20 mg of 2,6-di-tert-butyl-4-methylphenol and 500 ml 
of n-decane were introduced, and they were heated at 145 °C to give a solution. Then, the solution was cooled to 23 

so °C over a period of 8 hours and maintained at 23 °C for 8 hours. The solid polymer precipitated is separated from the 
n-decane solution containing the dissolved polymer by filtration using a glass filter. 

[0161] The liquid phase was dried at 150 °C under reduced pressure until a constant weight was reached, and the 
resulting dry product was weighed. The percentage (p-DS) of the weight of the dissolved polymer to the weight of the 
sample was calculated. 

55 [0162] From the percentage (p-DS), the weight of the powdered polymer obtained after polymerization and the weight 
of the solvent-soluble polymer, the 23°C n-decane-soluble component quantity (t-DS) was calculated by the following 
formula: 
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(weight of powdered polymer) x + (weight of (solvent soluble polymer) 
t-DS (wet%) = (weight of powdered polymer) + (weight of solvent-soluble polymer) X 100 

5 Solid precipitation ratio 

[0163] In the following examples, the solid precipitation ratio in the contact liquid (p) obtained by'the contact of the 
liquid magnesium compound with the liquid titanium compound in the preparation of a solid titanium catalyst component 
was determined in the following manner. 

io [0164] 7. 1 4 g (75 mmol) of anhydrous magnesium chloride, 37.5 ml of decane and 35. 1 ml (225 mmol) of 2-ethylhexyl 
alcohol were heated at 130 °C for 2 hours to prepare a homogeneous solution. To the solution, 1.67 g (1 1.3 mmol) of 
phthalic anhydride was added, and they were mixed and stirred at 130 °C for 1 hour to give a solution. 
[0165] The homogeneous solution obtained above was cooled to room temperature, and the whole amount of the 
solution was dropwise added, over a period 1 hour, to 200 ml (1 .8 mol) of titanium tetrachloride (TiCy maintained at - 

75 20 °C. 

[0166] The temperature of the resulting liquid mixture (contact liquid ((J)) was raised to 20 °C (i.e., temperature at 
which the electron donor (d-i) was added in the following Examples), and the mixture in the slurry state was filtered with 
keeping the temperature of the system. 

[0167] The quantity of Mg contained in the solid portion and the quantity of Mg contained in the liquid phase portion 
20 were measured by a plasma emission spectroscopic analyzer, and thereby a precipitation ratio of solid (MgCI 2 ) was 
determined. The obtained value was taken as the solid precipitation ratio in the contact liquid (p). 
[0168] With respect to the above-mentioned contact liquid (p), the solid precipitation ratio at 20 °C was 82 %. The 
solid precipitation ratios at 92 °C and 11 0 °C of the precipitation temperature which were measured in the same manner 
at 20°C were both 100 %. 

25 

Example 1 

Preparation of solid titanium catalyst component (A-1) 
30 [0169] 

(1) 7.14 g (75 mmol) of anhydrous magnesium chloride, 37.5 ml of decane and 35.1 ml (225 mmol) of 2-ethylhexyl 
alcohol were heated at 1 30 °C for 2 hours to prepare a homogeneous solution. To the solution, 1 .67 g (1 1 .3 mmol) 
of phthalic anhydride was added, and they were mixed and stirred at 1 30 °C for 1 hour to give a solution. 
35 (2) The homogeneous solution obtained above was cooled to room temperature, and the whole amount of the solu- 
tion was dropwise added to 200 ml (1.8 mol) of titanium tetrachloride (TiCI 4 ) maintained at -20 °C over a period of 
1 hour. 

(3) The temperature of the resulting liquid mixture was raised to 20 °C, and to the mixture was added 3.01 ml (1 1 .25 
mmol) of diisobutyl phthalate (DIBP), followed by raising the temperature to 1 10 °C. After the temperature reached 

40 110 °C, the mixture was stirred at the same temperature for 2 hours. 

(4) Then, the solid was recovered by hot filtration, suspended in 275 ml of TiCI 4 and heated to 1 10 °C. Thereafter, 
2.01 ml (7.5 mmol) of DIBP was added, and the mixture was heated at 1 10 °C for 2 hours. 

(5) The resulting solid was recovered by hot filtration. The solid was resuspended in 275 ml of TiCI 4t and the sus- 
pension was heated again at 1 10 °C for 2 hours. These operations were repeated twice. 

45 (6) After the reaction was completed, the solid was recovered by hot filtration again, and the solid was sufficiently 
washed with decane at 1 10 °C and with hexane at room temperature until no titanium compound liberated in the 
washing liquid was detected. 

[0170] The solid titanium catalyst component (A-1) obtained above was stored as a hexane slurry. A part of the hex- 
50 ane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0171] In the solid titanium catalyst component (A-1), 3.7 % by weight of titanium, 16 % by weight of magnesium and 
18.5 % by weight of DIBP were contained. 

Preparation of prepQlymerized catalyst (1) 

55 

[0172] To a 200-ml glass reactor purged with nitrogen, 68.2 ml of purified hexane was introduced, and the system was 
cooled to 18 °C. Then. 1 .2 mmol of triethylaluminum (TEA) and 0.4 mmol (in terms of titanium atom) of the solid titanium 
catalyst component (A-1) obtained above were added. Thereafter, a propylene gas was fed to the reactor at a feed rate 
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of 1 .39 l/hr t perform polymerization at 20 °C for 1 hour with stirring. 

[01 73] After the polymerization was completed, the reaction mixture was taken out under a nitrogen atmosphere, and 
the liquid portion was removed to separate a solid (prepolymerized catalyst). The solid was resuspended in decane. 
The amount of the prepolymer was 3.0 g per 1 g of the solid titanium catalyst component. 

Polymerization 

[0174] To a 1 -liter autoclave purged with nitrogen, 400 ml of purified heptane was introduced, and then 0.4 mmol of 
triethylaluminum (TEA), 0.08 mmol of dicyclopentyldimethoxysilane (DCPMS) and 0.004 mmol (in terms of titanium 
atom) of the prepolymerized catalyst (1) obtained above were introduced at 60 °C in a propylene atmosphere. 
[01 75] Then, 240 ml of hydrogen was fed, and the system was heated to 70 °C. This temperature was maintained for 
1 hour to perform polymerization of propylene. During the polymerization, the pressure was kept at 5 kg/crrr^-G. 
[0176] After the polymerization was completed, a slurry containing a polymer produced was filtered to separate the 
slurry into a white powder and a liquid phase portion. 
[0177] The yield of the polymer obtained as the white powder was 76.4 g. 
[0178] The liquid phase portion was concentrated to obtain 0.1 g of a solvent-soluble polymer. 
[0179] The polymerization activity, MFR, apparent bulk density (BD) and the 23°C n-decane-soluble component quan- 
tity (t-DS) defined as a proportion of the total weight of the 23°C n-decane-soluble component in the powdered polymer 
and the solvent-soluble polymer to the weight of the whole polymer are set forth in Table 1 . 

Example 2 

Preparation of solid titan ium catalyst component (A-2) 

[0180] The operations (1) to (4) of Example 1 were carried out. That is, a homogeneous solution of anhydrous mag- 
nesium chloride was mixed with titanium tetrachloride, and the temperature of the liquid mixture was raised to 20 °C. To 
the mixture was added 3.01 ml (1 1 .25 mmol) of diisobutyl phthalate (DIBP), and the temperature of the resulting mixture 
was raised to 1 10 °C. After the temperature reached 110 °C, the mixture was stirred at the same temperature for 2 
hours. Then, the solid was collected by hot filtration, suspended in 275 ml of TiCI 4 and heated to 1 10 °C. Thereafter, 
2.01 ml (7.5 mmol) of DIBP was added, and the mixture was heated at 1 10 °C for 2 hours. 

(5) The resulting solid was recovered by hot filtration. The solid was resuspended in 55 ml of TiCI 4 and 220 ml of 
toluene, and the suspension was heated again at 1 15 °C for 2 hours. These operations were repeated twice. 

[0181] Then, the washing operation (6) of Example 1 was carried out. 

[0182] The solid titanium catalyst component (A-2) obtained above was stored as a hexane slurry. A part of the hex- 
ane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0183] In the solid titanium catalyst component (A-2), 1 .7 % by weight of titanium, 22 % by weight of magnesium and 
1 3.7 % by weight of DIBP were contained. 

Preparation of prepolymerized catalyst (2) 

[0184] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-2) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolymerized catalyst 
(2). 

Polymerization 

[0185] Polymerization was carried out in the same manner as in Example 1 , except that the prepolymerized catalyst 
(2) was used in place of the prepolymerized catalyst (1). The results are set forth in Table 1 . 

Example 3 

Preparation of solid titanium catalyst component (A-3) 

[0186] The operations (1) and (2) of Example 1 were carried out. 

(3) The temperature of the above-obtained liquid mixture containing magnesium chloride and titanium tetrachloride 
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was raised to 20 °C, and to the mixture was added 4.13 ml (1 1 .25 mmol) of the below-described diheptyl phthalate 
mixture (DHP), followed by raising the temperature to 92 °C. After the temperature reached 92 °C, the mixture was 
stirred at the same temperature for 2 hours. 



(gr COOR 

COOR 

(R 3-methylhexyl: 63 %, 5-methylhexyl : 30 %, 
2,4-dimethylpentyl: 7 %) 



(4) Then, the solid was recovered by hot filtration, suspended in 275 ml of TiCI 4 and heated to 92 °C. Thereafter, 
2.75 ml (7.5 mmol) of DHP was added, and the mixture was heated at 92 °C for 2 hours. 

(5) The resulting solid was recovered by hot filtration. The solid was resuspended in 275 ml of TiCI 4 and the sus- 
pension was heated again at 92 °C for 2 hours. These operations were repeated twice. 

(6) After the reaction was completed, the solid was collected by hot filtration again, and the solid was sufficiently 
washed with decane at 92 °C and with hexane at room temperature until no titanium compound liberated in the 
washing liquid was detected. 

[0187] The solid titanium catalyst component (A-3) obtained above was stored as a hexane slurry. A part of the hex- 
ane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0188] In the solid titanium catalyst component (A-3), 2.0 % by weight of titanium, 19 % by weight of magnesium and 
1 3.6 % by weight of DHP were contained. 

Preparation of prepolymerized catalyst (3) 

[0189] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-3) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolymerized catalyst 
(3). 

Polymerization 

[0190] Polymerization was carried out in the same manner as in Example 1 , except that the prepolymerized catalyst 
(3) was used in place of the prepolymerized catalyst (1). The results are set forth in Table 1 . 

Example 4 

Pre pa r a ti on of solid t it anium ca t a ly s t c omponent (A-4) 

[0191 ] The procedure of Example 1 was repeated, except that the operation (3) was carried out as follows. 

(3) The temperature of the liquid mixture containing magnesium chloride and titanium tetrachloride obtained 
through the operations (1) and (2) of Example 1 was raised to 20 °C, and to the mixture was added 5.51 ml (15.0 
mmol) of diheptyl phthalate (DHP), followed by raising the temperature to 92 °C. After the temperature reached 92 
°C, the mixture was stirred at the same temperature for 2 hours. 

Then, the same operations (4) and (5) of Example 1 were carried out. The details are as follows. 

(4) The solid was recovered by hot filtration, suspended in 275 ml of TiCI 4 and heated to 1 10 °C. Then, 2.01 ml (7.5 
mmol) of DIBP was added, and the mixture was heated at 1 10 °C for 2 hours. 

(5) The resulting solid was recovered by hot filtration. The solid was resuspended in 275 ml of TiCI 4> and the sus- 
pension was heated again at 1 10 °C for 2 hours. These operations were repeated twice. 

[0192] Then, the washing operation (6) of Example 1 was carried out. 

[0193] The solid titanium catalyst component (A-4) obtained above was stored as a hexane slurry. A part of the hex- 
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ane slurry was dried to analyze composition of the solid titanium catalyst component. 

[01 94] In the solid titanium catalyst component (A-4), 3.4 % by weight of titanium, 1 6 % by weight of magnesium, 4.0 
% by weight of DHP and 14.8 % by weight of DIBP were contained. 

5 Preparation of prepolvmerized catalyst (4) 

[0195] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-4) was used in place of the solid titanium catalyst component (A-1 ), to prepare a prepolymerized catalyst 
(4). 

10 

Polymerization 

[0196] Polymerization was carried out in the same manner as in Example 1 , except that the prepolymerized catalyst 

(4) was used in place of the prepolymerized catalyst (1). The results are set forth in Table 1. 

15 

Example 5 

Prepara ti o n of so li o 1 titanium catalyst component (A-5) 
20 [01 97] The procedure of Example 1 was repeated, except that the operations (3) and (5) were carried out as follows. 

(3) The temperature of the liquid mixture containing magnesium chloride and titanium tetrachloride obtained 
through the operations (1) and (2) of Example 1 was raised to 20 °C, and to the mixture was added 4.13 ml (11 .25 
mmol) of diheptyl phthalate. followed by raising the temperature to 92 °C. After the temperature reached 92 °C, the 

25 mixture was stirred at the same temperature for 2 hours. 

(4) The operation (4) of Example 1 was carried out. That is, the solid was recovered by hot filtration, suspended in 
275 ml of TiCI 4 and heated to 1 10 °C. Then, 2.01 ml (7.5 mmol) of DIBP was added, and the mixture was heated 
at 110 °C for 2 hours. 

(5) The operation (5) of Example 2 was carried out. That is, the resulting solid was recovered by hot filtration. The 
30 solid was resuspended in 275 ml of T1CI 4 and the suspension was heated again at 1 1 0 °C for 2 hours. These oper- 
ations were repeated twice. 

[0198] Then, the washing operation (6) of Example 1 was carried out. 

[0199] The solid titanium catalyst component (A-5) obtained above was stored as a hexane slurry. A part of the hex- 
35 ane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0200] In the solid titanium catalyst component (A-5), 1 .5 % by weight of titanium, 20 % by weight of magnesium, 2.7 
% by weight of DHP and 1 0.5 % by weight of DIBP were contained. 

Preparation of prepolymerized catalyst (5) 

40 

[0201 ] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-5) was used in place of the solid titanium catalyst component (A-1 ), to prepare a prepolymerized catalyst 

(5) . 

45 Polymerization 

[0202] Polymerization was carried out in the same manner as in Example 1, except that the prepolymerized catalyst 
(5) was used in place of the prepolymerized catalyst (1). The results are set forth in Table 1 . 

so Example 6 

Preparation of solid titanium catalyst component (A-6) 

[0203] The procedure of Example 1 was repeated, except that the operations (3) and (4) were carried out as follows 
55 and the operation (5) was not carried out. 

(3) The operation (3) of Example 2 was carried out. That is, the temperature of the liquid mixture containing mag- 
nesium chloride and titanium tetrachloride obtained through the operations (1) and (2) of Example 1 was raised to 
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20 °C, and to the mixture was added 4. 1 3 ml (1 1 .25 mmol) of diheptyl phthalate. followed by raising the temperature 
to 92 °C. After the temperature reached 92 °C, the mixture was stirred at the same temperature for 2 hours. 
(4) The resulting solid was recovered by hot filtration. The solid was resuspended in 275 ml of TiCI 4 , the suspension 
was heated again at 1 10 °C. and 0.60 ml (2.25 mmol) of DIBP was added to the suspension. Then, the resulting 
5 mixture was heated at 1 10 °C for 2 hours. These operations were repeated three times. 

[0204] Then, the washing operation (6) of Example 1 was carried out. 

[0205] The solid titanium catalyst component (A-6) obtained above was stored as a hexane slurry. A part of the hex- 
ane slurry was dried to analyze composition of the solid titanium catalyst component. 
w [0206] In the solid titanium catalyst component (A-6), 2.5 % by weight of titanium, 18 % by weight of magnesium, 3.6 
% by weight of DHP and 12 % by weight of DIBP were contained. 

Preparation of prepolymerized catalyst (6) 

is [0207] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-6) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolymerized catalyst 
(6). 

Polymerization 

20 

[0208] Polymerization was carried out in the same manner as in Example 1 , except that the prepolymerized catalyst 

(6) was used in place of the prepolymerized catalyst (1). The results are set forth in Table 1 . 

Example 7 

25 

Preparation of solid titanium catalyst component (k-7) 

[0209] The procedure of Example 1 was repeated, except that the operations (3) to (5) were earned out as follows. 

30 (3) The temperature of the liquid mixture containing magnesium chloride and titanium tetrachloride obtained 
through the operations (1) and (2) of Example 1 was raised to 20 °C, and to the mixture was added 4.33 ml (18.75 
mmol) of 2-isopropyl-2-isobutyl-1,3-dimethoxypropane (PBDME), followed by raising the temperature to 110 °C. 
After the temperature reached 1 1 0 °C, the mixture was stirred at the same temperature for 2 hours. 

(4) The solid was recovered by hot filtration, suspended in 275 ml of TiCI 4 and heated to 110 °C. Then, 0.43 ml 
35 (1 .88 mmol) of PBDME was added, and the mixture was heated at 1 10 °C for 1 .5 hours. 

(5) The solid was recovered by hot filtration and suspended in 275 m! of TiC! 4 . Then, 0.43 ml (1.88 mmol) of 
PBDME was added, and the mixture was heated at 1 10 °C for 1 .5 hours. 

[0210] Then, the washing operation (6) of Example 1 was carried out. 
40 [021 1 ] The solid titanium catalyst component (A-7) obtained above was stored as a hexane slurry. A part of the hex- 
ane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0212] In the solid titanium catalyst component (A-7), 2.2 % by weight of titanium. 19 % by weight of magnesium and 
15.0 % by weight of PBDME were contained. 

45 Preparation of prepolymerized catalyst (7) 

[021 3] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-7) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolymerized catalyst 

(7) . 

50 

Polymerization 

[0214] Polymerization was carried out in the same manner as in Example 1 , except that the prepolymerized catalyst 
(7) was used in place of the prepolymerized catalyst (1), cyclohexylmethyldimethoxysilane (CM MS) was used in place 
55 of DCPMS, and the feed amount of hydrogen was varied to 100 ml. The results are set forth in Table 1 . 
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Example 8 
Polymerization 

5 [0215] Polymerization was carried out in the same manner as in Example 1, except that CMMS was not used. The 
results are set forth in Table 1. 

Comparative Example 1 

io Preparation of solid titanium catalyst component (A-8) 

[021 6] The operations (1 ) and (2) of Example 1 were carried out (The operation (3) which was addition of DIBP at 20 
°C in Example 1 was not carried out.) 

75 (4) The temperature of the liquid mixture containing magnesium chloride and titanium tetrachloride obtained 
through the operations (1) and (2) of Example 1 was raised to 110 °C over a period of 4 hours. When the temper- 
ature reached 1 10 °C. 5.03 ml (18.8 mmol) of DIBP was added, and the mixture was stirred at the same tempera- 
ture for 2 hours. 

(5) The solid was recovered by hot filtration. The solid was resuspended in 275 ml of TiCI 4| and the suspension was 
20 heated again at 1 10 °C for 2 hours. These operations were repeated three times. 

[0217] Then, the washing operation (6) of Example 1 was carried out. 

[0218] The solid titanium catalyst component (A-8) obtained above was stored as a hexane slurry. A part of the hex- 
ane slurry was dried to analyze composition of the solid titanium catalyst component. 
25 [0219] In the solid titanium catalyst component (A-8). 2. 1 % by weight of titanium, 18 % by weight of magnesium, 58 
% by weight of chloride and 10.9 % by weight of DIBP were contained. 

Preparation of prepQlyrnerjzed catalyst (9) 

so [0220] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-8) was used in place of the solid titanium catalyst component (A-1 ), to prepare a prepolymerized catalyst 
(8). 

Polymerization 

35 

[0221] Polymerization was carried out in the same manner as in Example 1, except that the prepolymerized catalyst 
(8) was used in place of the prepolymerized catalyst (1). The results are set forth in Table 1 . 

Comparative Example 2 

40 

Preparation of solid titanium catalyst component (A-9) 

[0222] The operations (1), (2) and (4) of Example 1 were carried out. (The operation (3) of Example 1 was not carried 
out.) 

45 [0223] Then, the operation (5) of Comparative Example 1 and the operation (5) of Example 2 were carried out. The 
details are as follows. 

(5) Similarly to the operation (5) of Comparative Example 1, the solid was recovered by hot filtration, suspended in 
275 ml of TICI4 and heated at 1 10 °C for 2 hours. Then, similarly to the operation (5) of Example 2. the operations 
so of recovering the solid by hot f titration, suspending the solid in 55 ml of TiCI 4 and 220 ml of toluene and heating the 
resulting suspension at 115 °C for 2 hours were repeated twice. 
Then, the washing operation (6) of Example 1 was carried out. 

The solid titanium catalyst component (A-9) obtained above was stored as a hexane slurry. A part of the hexane 
slurry was dried to analyze composition of the solid titanium catalyst component. 
55 In the solid titanium catalyst component (A-9), 1 .9 % by weight of titanium, 24 % by weight of magnesium and 6.3 
% by weight of DIBP were contained. 
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Preparation of prepolymerized catalyst (9) 

[0224] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-9) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolymerized catalyst 
s (9). 

Polymerization 

[0225] Polymerization was carried out in the same manner as in Example 1 , except that the prepolymerized catalyst 
io (9) was used in place of the prepolymerized catalyst (1). The results are set forth in Table 1. 

Comparative Example 3 

Pre par a tion of solid t itanium catalyst component (A-1Q) 

15 

[0226] The procedure of Example 3 was repeated, except that the operation (3) of adding DHP at 20 °C was not car- 
ried out and the operations (4) and (5) were carried out as follows. 

(4) The temperature of the liquid mixture containing magnesium chloride and titanium tetrachloride obtained 
20 through the operations (1) and (2) of Example 3 was raised to 92 °C. When the temperature reached 92 °C, 6.88 

ml (18.8 mmol) of DHP was added, and the mixture was stirred at the same temperature for 2 hours. 

(5) The resulting solid was recovered by hot filtration. The solid was resuspended in 275 ml of TiCI 4 and the sus- 
pension was heated again at 92 °C for 2 hours. These operations were repeated three times. 

25 [0227] Then, the washing operation (6) of Example 3 was carried out. 

[0228] The solid titanium catalyst component (A-1 0) obtained above was stored as a hexane slurry. A part of the hex- 
ane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0229] In the solid titanium catalyst component (A-1 0), 2.2 % by weight of titanium, 19 % by weight of magnesium and 
1 1 .0 % by weight of DHP were contained. 

30 

Preparation of prepolymerized catalyst (101 

[0230] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-1 0) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolymerized cata- 
35 lyst(10). 

Polymerization 

[0231] Polymerization was carried out in the same manner as in Example 1 , except that the prepolymerized catalyst 
40 (10) was used in place of the prepolymerized catalyst (1). The results are set forth in Table 1 . 

Comparative Ex ample 4 

Preparation of solid titanium catalyst component (A-1 1) 

45 

[0232] The procedure of Example 7 was repeated, except that the operation (3) of adding PBDME at 20 °C was not 
carried out and the operations (4) and (5) were carried out as follows. 

(4) The temperature of the liquid mixture containing magnesium chloride and titanium tetrachloride obtained 
so through the operations (1) and (2) of Example 7 was raised to 1 10 °C. When the temperature reached 1 10 °C, 5.19 

ml (22.51 mmol) of PBDME was added, and the mixture was stirred at the same temperature for 2 hours. 

(5) The solid was recovered by hot filtration, suspended in 275 ml of TiCI and heated at 1 10 °C for 2 hours. (The 
PBDME was not added.) 

55 [0233] Then, the washing operation (6) of Example 7 was carried out. 

[0234] The solid titanium catalyst component (A-1 1 ) obtained above was stored as a hexane slurry. A part of the hex- 
ane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0235] In the solid titanium catalyst component (A-1 1), 2.3 % by weight of titanium, 19 % by weight of magnesium and 
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1 0.0 % by weight of PBDME were contained. 
Preparation of prepolvmerized catalyst (11) 

[0236] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-1 1) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolvmerized cata- 
lyst (11). 

Polymerization 

[0237] Polymerization was carried out in the same manner as in Example 7, except that the prepolvmerized catalyst 

(1 1) was used in place of the prepolvmerized catalyst (7). The results are set forth in Table 1 . 

Comparative Example 5 

Pre paration of solid titanium catalyst component (A-12) 

[0238] The procedure of Example 7 was repeated, except that the operation (3) of adding PBDME at 20 °C was not 
carried out and the operations (4) and (5) were carried out as follows. 

(4) The temperature of the liquid mixture containing magnesium chloride and titanium tetrachloride obtained 
through the operations (1) and (2) of Example 7 was raised to 1 1 0 °C. When the temperature reached 110 °C, 2.59 
ml (1 1 .25 mmol) of PBDME was added, and the mixture was stirred at the same temperature for 2 hours. 

(5) The solid was recovered by hot filtration, suspended in 275 ml of TiCI 4 and heated to 1 10 °C. Then, 1 .73 ml (7.5 
mmol) of PBDME was added, and the mixture was heated at 1 10 °C for 2 hours. 

[0239] Then, the washing operation (6) of Example 7 was carried out. 

[0240] The solid titanium catalyst component (A-1 2) obtained above was stored as a hexane slurry. A part of the hex- 
ane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0241 ] In the solid titanium catalyst component (A-1 2), 1 .8 % by weight of titanium, 20 % by weight of magnesium and 
1 7.7 % by weight of PBDME were contained. 

Preparation of prepolvmerized catalyst (12) 

[0242] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-1 2) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolvmerized cata- 
lyst (12). 

Polymerization 

[0243] Polymerization was carried out in the same manner as in Example 7, except that the prepolvmerized catalyst 

(12) was used in place of the prepolvmerized catalyst (7). The results are set forth in Table 1 . 
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Table 1 





Donor in fchf* nrpn; 
titanium catali 


i r a h i rtn c\ f" qaI i H 
H. d L. luii vj J_ ovjliu 

/st component 


Donor in the 
polymerization 


(d-i) in the solid 
precipitation 


(d-ii) in the 
contact with 
solid 


Ex.1 


DIBP* 1 


DIBP 


DCPMS* 4 


Ex.2 


DIBP 


DIBP 


DCPMS 


Ex.3 


DHP* 2 


DHP 


DCPMS 


Ex.4 


DHP 


DIBP 


DCPMS 


Ex.5 


DHP 


DIBP 


DCPMS 


Ex.6 


DHP 


DIBP 


DCPMS 


Comp. 
Ex.1 




DIBP 


DCPMS 


Contp. 
Ex.2 




DIBP 


DCPMS 


Comp. 
Ex.3 




DHP 


DCPMS 


Ex.7 


PBDME* 3 


PBDME 


CMMS* 5 


Ex.8 


PBDME 


PBDME 




Comp. 
Ex.4 




PBDME 


CMMS 


Comp. 
Ex.5 




PBDME 


CMMD 



*1) DIBP; diisobutyl phthalate 



*2) DHP; diheptyl phthalate mixture 

*3) PBDME; 2-isopropyl 2-isobutyl-l, 3-dimethoxypropane 

*4 ) DCPMS ; dicyclopentyldimethoxysilane 

*5) CMMS; cyclohexylmethyldidimethoxysilane 
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Table (1) (Continued) 





Polymerization activity 


BD 

(g/ml) 


MFR 

(cr/10 min. ) 


t-DS 

(wt .%) 


(g-PP/mmol-Ti) 


(g-PP/<r-cat. ) 


Ex.1 


19100 


8500 


0.43 


4.5 


0.9 


aX • Z 


44800 


10300 




1 

J • X 


V - o 


Ex. 3 


33000 


12900 


0 . 43 


4 • 3 


1 . 6 


Ex.4 


26600 


13900 


0.41 


5.0 


1.2 


Ex.5 


40900 


12800 


0.42 


3.9 


0.9 


Ex.6 


(* ~j -j \j \j 


14600 


0.41 


3.7 


1.4 


Cornp. 
Ex.1 


18400 


7100 


0.43 


6.3 


1.1 


Coirp. 
Ex.2 


21400 


8500 


0.44 


8 . 5 


5 . 1 


Coup. 
Ex.3 


17700 


8100 


0.41 


4.4 


2.1 


Ex.7 


33600 


15400 


0.43 


6.0 


0.8 


Ex.8 


33600 


15400 


0.45 


8.3 


1.4 


Comp. 
Ex.4 


20700 


10800 


0.41 


6.7 


2.7 


Comp . 
Ex.5 


21300 


8000 


0.44 


4.5 


1.4 



Example 9 

Preparation of solid titanium catalyst component (A- 13) 
[0244] 

(1) 2.88 Grams (30 mmol) of anhydrous magnesium chloride. 1 5.0 ml of decane and 14.0 ml (90 mmol) of 2-ethyl- 
hexyl alcohol were heated at 140 °C for 4 hours to prepare a homogeneous solution. To the solution, 0.667 g (4.5 
mmol) of phthalic anhydride was added, and they were mixed and stirred at 130 °C for 1 hour to give a solution. 

(2) The homogeneous solution obtained above was cooled to room temperature, and the whole amount of the solu- 
tion was dropwise added, over a period of 45 minutes, to 80 ml (0.72 moi) of titanium tetrachloride (TiCI 4 ) main- 
tained at -20 °C. 

(3) The temperature of the resulting liquid mixture was raised to 20 °C, and to the mixture was added 1 .04 ml (4.5 
mmd) of 2-isopropyl-2-isobutyl-1 ,3-dimethoxysilane (PBDME), followed by raising the temperature to 1 10 °C. After 
the temperature reached 1 10 °C, the mixture was stirred at the same temperature for 2 hours. 

(4) Then, the solid was recovered by hot filtration, resuspended in 1 00 ml of TiCI 4 and heated to 1 1 0 °C. Thereafter, 
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0.240 ml (0.9 mmol) of diisobutyl phthalate (DIBP) was added, and the mixture was heated at 1 10 °C for 2 hours. 
(5) The resulting solid was recovered by hot filtration. The solid was resuspended in 100 ml of TiCI 4 , and 0.240 ml 
(0.9 mmol) of DIBP was added to the suspension. Then, the resulting mixture was heated at 1 10 °C for 30 minutes. 
These operations were rpeated twice. 
5 (6) After the reaction was completed, the solid was recovered by hot filtration again, and the solid was sufficiently 

washed with decane at 90 °C and with hexane at room temperature until no titanium compound liberated in the 
washing liquid was detected. 

[0245] The solid titanium catalyst component (A-13) obtained above was stored as a decane slurry. A part of the 
io decane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0246] In the solid titanium catalyst component (A-1 3), 2.9 % by weight of titanium, 1 7 % by weight of magnesium, 
5.5 % by weight of PBDME and 12.6 % by weight of DIBP were contained. 

Preparation of prepplymerized catalyst (13) 

75 

[0247] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-13) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolymerized cata- 
lyst (13). 

20 Polymerization 

[0248] Polymerization was carried out in the same manner as in Example 1 , except that the prepolymerized catalyst 

(13) was used in place of the prepolymerized catalyst (1) and the amount of hydrogen was varied to 100 ml. The results 
are set forth in Table 2. 

25 

Example 10 

Preparation of solid titanigm catalyst com p onent ( A-14 ) 

30 [0249] The operations (1 ) and (2) of Example 9 were carried out. 

(3) The temperature of the above-obtained liquid mixture containing magnesium chloride and TiCI 4 was raised to 
20 °C, and to the mixture was added 0.518 ml (2.25 mmol) of PBDME, followed by raising the temperature to 110 
°C. After the temperature reached 1 10 °C. the mixture was stirred at the same temperature for 2 hours. 
35 (4) Then, the solid was recovered by hot filtration, resuspended in 1 00 ml of TiCI 4 and heated to 1 1 0 °C. Thereafter, 
0.801 ml (3 mmol) of DIBP was added, and the mixture was heated at 1 10 °C for 1 hour. 

(5) The solid was recovered by hot filtration and suspended in 100 ml of TiCI 4 . Then, 0.518 ml (2.25 mmol) of 
PBDME was added, and the mixture was heated at 1 10 °C for 30 minutes. 

(6) The solid was recovered by hot filtration, suspended in 100 ml of TiCI 4 and heated at 1 10 °C for 30 minutes. 

40 

[0250] Then, the washing operation (6) of Example 9 was carried out. 

[0251] The solid titanium catalyst component (A-14) obtained above was stored as a decane slurry. A part of the 
decane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0252] In the solid titanium catalyst component (A-14), 4.0 % by weight of titanium, 15 % by weight of magnesium, 
45 6.5 % by weight of PBDME and 16.4 % by weight of DIBP were contained. 

Preparation of prepolymerized catalyst (14) 

[0253] Prepolymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
so component (A-1 4) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolymerized cata- 
lyst (14). 

Polymerization 

55 [0254] Polymerization was carried out in the same manner as in Example 9, except that the prepolymerized catalyst 

(14) was used in place of the prepolymerized catalyst (13). The results are set forth in Table 2. 
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Example 11 

Preparation of solid titanium catalyst component (A-15) 

[0255] The operations (1) and (2) of Example 9 were carried out. 

(3) The temperature of the above-obtained liquid mixture containing magnesium chloride and TiCI 4 was raised to 
20 °C, and to the mixture was added 0.801 ml (3 mmol) of DIBP, followed by raising the temperature to 1 10 °C. After 
the temperature reached 1 10 °C. the mixture was stirred at the same temperature for 2 hours. 

(4) Then, the solid was recovered by hot filtration, resuspended in 100 ml of TiCI 4 and heated to 1 10 °C. Thereafter, 
0.345 ml (1 .5 mmol) of PBDME was added, and the mixture was heated at 1 10 °C for 1 hour. 

(5) The resulting solid was recovered by hot filtration. The solid was resuspended in 100 ml of TiCI 4 , and 0.345 ml 
(1.5 mmol) of PMDME was added. The resulting mixture was heated again at 1 10 °C for 30 minutes. These oper- 
ations were repeated twice. 

[0256] Then, the washing operation (6) of Example 9 was carried out. 

[0257] The solid titanium catalyst component (A-15) obtained above was stored as a decane slurry A part of the 
decane slurry was dried to analyze composition of the solid titanium catalyst component. 

[0258] In the solid titanium catalyst component (A-15), 1 .4 % by weight of titanium, 22 % by weight of magnesium, 
8.9 % by weight of PBDME and 1 .2 % by weight of DIBP were contained. 

Preparation of prepplymerized catalyst (15) 

[0259] Prepoiymerization was carried out in the same manner as in Example 1 , except that the solid titanium catalyst 
component (A-15) was used in place of the solid titanium catalyst component (A-1), to prepare a prepolymerized cata- 
lyst (15). 

Polymerization 

[0260] Polymerization was carried out in the same manner as in Example 9, except that the prepolymerized catalyst 
(15) was used in place of the prepolymerized catalyst (13). The results are set forth in Table 2. 



Table 2 





(d-i) 


(d-ii) 


C 


Polymerization activity 


BDg/ml 


MFR g/10 
min 


t-DS wt % 










(g-pp/ mmol- 


(g-pp/g-cat.) 








Ex.9 


PBDME 


DIBP 


DCPMS 


22800 


10200 


0.42 


3.8 


1.6 


Ex.10 


PBDME 


DIBP, 
PBDME 


DCPMS 


17800 


11000 


0.44 


7.2 


1.2 


Ex.11 


DIBP 


PBDME 


DCPMS 


32600 


9100 


0.42 


7.9 


1.2 



Example 12 
Polymerization 

[0261 ] Polymerization was carried out in the same manner as in Example 7, except that the amount of hydrogen was 
varied to 500 ml when the prepolymerized catalyst was prepared. The results are set forth in Table 3. 

Example 13 

Polymerization 

[0262] Polymerization was carried out in the same manner as in Example 1 2, except that the amount of TEA was var- 
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ied to 0.4 mmol in the preparation of prepolymerized catalyst. The results are set forth in Table 3. 
Example 14 
5 Polymerization 

[0263] Polymerization was carried out in the same manner as in Example 1 3, except that the propylene gas was fed 
to the reactor at a feed rate of 0.46 l/hr to perform polymerization at 20 °C for 3 hours with stirring in the preparation of 
the prepolymerized catalyst. The results are set forth in Table 3. 



Table 3 
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Polymerization activity 


BD g/ml 


MFRg/10 min 


t-DSwt% 




(g-pp/mmol-Ti) 


(g-pp/g-cat.) 








Ex.12 


36200 


16600 


0.40 


170 


1.2 


Ex.13 


40700 


18600 


0.44 


100 


1.2 


Ex.14 


38300 


17600 


0.44 


180 


1.3 



Claims 

1 . A process for preparing a solid titanium catalyst component, comprising the steps of: 

25 

(I) contacting a liquid magnesium compound with a liquid titanium compound to precipitate a solid in the con- 
tact liquid (0), and adding an electron donor (d-i), which is selected from the group essentially consisting of a 
potycarboxylic ester and a compound having two or more ether linkages present through plural atoms, to the 
contact liquid (0) during the time from beginning to end of the solid precipitation, to form a solid product (a) 

30 comprising titanium, magnesium, halogen and the electron donor (d-i); 

and then 

(II) contacting the solid product (a) obtained after completion of the solid precipitation with an electron donor 
(d-ii) selected from the group consisting of a polycarboxylic ester and a compound having two or more ether 
linkages present through plural atoms, to prepare a solid titanium catalyst component comprising titanium, 

35 magnesium, halogen, the electron donor (d-i) and the electron donor (d-ii). 

2. The process for preparing a solid titanium catalyst component as claimed in claim 1 , wherein the contact liquid (0) 
contains, before addition of the electron donor (d-i) thereto, an electron donor (d-iii) selected from the group con- 
sisting of a monocarboxylic ester, an aliphatic carboxylic acid, an acid anhydride, a ketone, a monoether, an 

40 aliphatic carbonate, an alkoxy group-containing alcohol, an aryloxy group-containing alcohol, an organosilicon 
compound having Si-O-C bond and an organophosphorus compound having P-OC bond. 

3. The process for preparing a solid titanium catalyst component as claimed in claim 1 or claim 2, wherein the poly- 
carboxylic ester is a phthalic diester represented by the following formula: 

45 

@: COOR 

so c O O R 



wherein R is a branched hydrocarbon group of 3 to 12 carbon atoms, and two of R may be the same or different. 

55 4. The process for preparing a solid titanium catalyst component as claimed in any one of claims 1 to 3, wherein the 
electron donor (d-i) used in the step (I) is diheptyl phthalate and the electron donor (d-ii) used in the step (II) is 
diisobutyl phthalate. 
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5. The process for preparing a solid titanium catalyst component as claimed in any one of claims 1 to 3, wherein the 
compound having two or more ether linkages present through plural atoms is represented by the following formula: 

R 22 R n*l R 2n R 24 

R 21 -i-o-c- ... -C-O-C- R 26 
R 23 R 1 ... R n R 25 

10 

wherein n is an integer of 2 <> n <, 10. R 1 to R 26 are each a substituent having at least one element selected from 
carbon, hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon; groups optionally selected 
from R 1 to R 26 , preferably from R 1 to R 2n , may form together a ring other than a benzene ring; and the main chain 
75 may contain an atom other than carbon. 

6. The process for preparing a solid titanium catalyst component as claimed in any one of claims 1 to 5, wherein the 
molar ratio of the electron donor (d-i) used in the step (I) to the electron donor (d-ii) used in the step (II) is in the 
range of 10/90 to 90/10. 

20 

7. An olefin polymerization catalyst comprising: 

(A) a solid titanium catalyst component prepared by the process as claimed in any one of claims 1 to 6, 

(B) an organoaluminum compound, 
25 and optionally 

(C) an electron donor. 

8. An olefin polymerization process comprising polymerizing or copolymerizing an olefin in the presence of the olefin 
polymerization catalyst as claimed in claim 7. 

30 
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